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FOREWORD 

This volume contains supporting Information and further programming 

guides to the excavation simulation described In Volume I. 

The coordination of the material in Volume II was done by R. R. 

Hibbard and L. M. Pletrzak. The author credits are as follows: 

Appendix I: D. S. Hyman 

Appendix II: F. H. Murphy 

Appendix III: P. K. Parish 

Appendix IV: M. McJunkin ^ 

F. H. Murphy 

B. H. Lieu 

Appendix V: L. M. Pletrzak| ^^ ^^ Data) 

W. R. Thomson j 

(Geological Surveying and Prediction) 

(Geology Model) 

(Programs TUNNEL and GENTNL) 

(Excavation Model) 
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GEOLOGICAL SURVEYING AND PREDICTION 

by 

D. S. Hyman 
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SUMMARY 

This study dlscusb^s the «Ignlficance of the knowledge of geologi- 

cal conditions to a tm*  ling project and briefly describes those 

measurement techniques and procedures that are in general use for geologi- 

cal surveying and prediction• 
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I.    INTRODUCTION 

It is generally recognized that the geological (and hydrologlcal) 

conditions more than any other factor determine the degree of difficulty 

and the cost of a given tunnel project.  This is easy to see, since the 

tunneling system, support and liner design, and cotal  system performance 

are a direct and strong function of the geologic medium to be tunneled 

through.  In essence, the latter is truly a key variable in the total 

economic picture of a project. As a result, geologic exploration and 

prediction techniques have a very Important influence on the planning, 

design, and performance of an excavation system. Although it is not yet 

possible to identify a return-on-investment relationship for geological 

exploration it is clear that a more accurate knowledge of geological 

conditions will permit considerable savings from the improved planning 

and design of a project. 

At present, less than 2% of the total project cost is generally 
1 2 

allocated to pre-excavation geological investigations. *  This probably 

reflects the fact that the scope and extent of the geological survey is 

a compromise between technical desirability and economic feasibility. 

Moreover, the point of compromise may not be reached objectively in many 

instances.  Budgetary considerations of sponsoring agencies, political 

considerations, etc., may also play a role In the decision process.  In 

addition, no comparative estimates for total project cost versus the 

geological investigation investment has ever been made, and even if they 

had, considerable doubt about the validity of the comparison would remain 

since it is never possible to "excavate again, this time with more geo- 

logical Information." However, some indications of the significant and 

perhaps unnecessary costs which may be incurred because of pt or or 

limited geological data can be drawn from isolated case histories. As 

an example, there were only two bore holes made prior to the excavation 

of the massive underground defense complex in Cheyenne Mountain for the 

1-5 



Depending upon the extent of the geological survey and measurement 

program, the infornation and data that it evokes might be used in site 

selection and feasibility determination, preliminary design and cost 

estimates, or detailed construction planning.  However, as a result of 

both the coarse nature of geological measurements and the cost of detailed 

exploration programs, such decisions and studies are almost always based 

on incomplete Information.  Consequently, engineering judgment tempered 

by previous experience olays a significant role in the decision processes. 

We shall have more to say about this in the following pages, but given 

that the site, geometry, and orientation of a tunnel project have been 

chosen, we can focus attention on the fundamental data requirements im- 

posed unon the engineering geologist. 

1-6 

I 
North American Air Defense Commanc' (NORAD).  Further geological explora- 

tion was scheduled but never funded becajüo of a controversy about the 

project Itself.  When funding for continuation of the project was even- 

tually released it was allocated f )r excavaLion alone not geological 

exploration, and partlv as a result, poor geology was encountered unex- 

pectedly at a critical intersecticn of two project chambers.  Eventually 

new plans had to be drawn up, rotating the original design in an attempt 

to avoid bad ground.  Even then extensive and costly reinforcement was 
3 

necessary at the worst intersection. 

1 
1 

Traditionally, geological surveying, measurements, and prediction 

are  accomplished before any detailed designs and cose estimates are 

attempted. Although geophysica1 measurements are sometimes made during 

the course of the excavation (.rocess, the current practice Is to rely 

heavily on the geological work prior to excavation. As improved 

techniques for in situ measurement of geological conditions are developed 

it la likely that greater emphasis will be placed on evaluating the 

information providod by these techniques to improve the safety and per- I 

fomance of excavating. 
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The results of a geological exploration program should consirt of 

sufficient amounts of data concerning lithological, hydrological, and 

rock-mass properties LO enable a designer and contractor to plan a 

construction project with confidence. This includes, both the quantita- 

tive aspects of.  engineering and excavation system design, and scheduling 

plans and cost estimates. In other words, the contractor wants answers 

to the following key questions: 

1. What would be the most suitable excavation method? 

2. What are the ground support and tunnel liner requirements 

along the length of a proposed tunnel? 

3. How much ground-water Inflov can be expected along the 

tunnel length? 

4. What is the location of potential geologic hazards? 

1 
I 

The extent to which such questions can be answered with precision 

and reliability determines to a large extent the ultimate cost-performance 

success of the construction project. 

1-7 
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II.   SURVEY AND PREDICTION TECHNIQUES 

We shall present next a brief survey of those measurement techni- 

ques and procedures that are now in general use for geological surveying 

and prediction.  Since comprehensive discussions along these lines are 

readily available in the literature,4"9 we shall focus our attention 

primarily on the extent to which these various techniques are able to 

delineate geological discontinuities and inhomogeneities such as faults, 

joints, bedding planes, rock-soil interfaces, and ground-water concentra- 

tions.  In addition, we shall present relevant cost data, and discuss the 

technical and economic factors which influence the scope of a typical 

geological exploration program. 

A comprehensive geological exploration program typically involves 

the following kinds of activities: 

• Review of available data (literature research) 

• Surface exploration and mapping 

• Subsurface studies 

• Laboratory analysis of field samples 

The degree to which efforts are directed in each area depends not only 

on technical and engineering considerations but also on economic factors 

and judgment. This will be elaborated below. 

o i 
1 
1 I 

A.   LITERATURE REVIEW 

An exploratio:. program generally begins with a survey of available 

literature dealing with geological and engineering geological information 

pertaining to the area of interest. The objective is not only to save 

time and expense but also to utilize the information to plan the remain- 

ing elements of the exploration program more efficiently and effectively. 

Of particular interest is information relating to the spatial distribu- 

tions of rock formations along the tunnel route, the physical properties 

and quality of the rock types that might be encountered at depth, and 

expected or possible ground-water conditions during excavation.  If under- 

ground construction data for previous projects in the general area are 

i 
[j 
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available, they would most likely be used to assess the structural 

characteristics of the geological strata, and possible problem areas. 

The sum total of such sources of information would be expected to aid 

the geologist in .'nterpreting conditions with respect to possible problem 

areas, tunnel suppart requirements, and ground-water conditions. Of 

course, the amount of useful data that can be gathered depends on the 

extent of previous surface and underground construction in the general 

vicinity of the proposed tunnel. 

B.    SURFACE EXPLORATION 

Surface investigations comprise th second step in the sequence of 

progressively refined studies and measuremt ts. With the exception of 

built-up urban areas, most geographical settings are suitable for sur- 

face geological exploration. The objective of this phase of the program 

is to survey and map in detail the exposed rock formations in a wide area 

covering the contemplated excavation. The usefulness of this procedure 

depends on the degree to which geological formations and structures of 

interest are exposed at the surface. In some cases, aerial and surface 

reconnaissance Is aided where necessary by bulldozer stripping of surface 

soil to expose underlying rock formations. This is usually an inexpen- 

sive way to implement the surface work. 

The results of this phase of geological exploration are recorded 

on a topographical map of the type made available by the U.S. Geological 

Survey. Thf, map scale may vary between 1200:1 and 4800:1 and the 

following geological features are usually displayed: 

General geology (location and classification of generic rock 

types) 

Strike and dip of si rface outcrops 

Location of fault zones and veins 

Description of foliation and joints 

Fracture densities as a function of location 

Degree of weathering 

1-9 



When the Information Is displayed in this form, it is useful to 

the geologist in connection with two main tasks:  it serves as the basis 

for making a preliminary extrapolation of rock conditions to tunnel depth, 

and it aids in the planning of subsequent geological and geophysical 

measurements, such as core drillings and seismic surveys.  It is worth- 

while to emphasize that at this, point the geologist cannot predict with 

a high degree of certainty what geological factors will be encountered 

at depth.  The infoimation, when evaluated and interpreted by an experi- 

enced geologist (and we must emphasize interpret) serves as a basis for 

perhaps semiquantitative estimates of expected conditions. Conditions 

are rarely predicted easily since much of the earth's outer crust 

consists of highly variable geological structures and conditions.  There- 

fore, to increase the information usable for design purposes, additional 

measurements and tests are often planned, as a result of questions raised 

by the results of the surface geological mapping.  Occasionally, field 

samples are collected during the surface survey for laboratory analyses 

and Identification. 

I 
C.    SUBSURFACE INVESTIGATIONS 

As discussed in the previous sections, the geologist's chief goal 

Is to measure and/or predict the geological conditions at the depth of 

Interest.  It is usually necessary to refine the data obtained from 

surface mapping by detailed investigations of areas of knov i faults, 

areas of potential geological problems, and ground-water ^nditions. 

Toward this end, a number of procedures and measurements are currently 

in use: 

Core drilling 

Pilot bore 

Field geophysical measurements 

1-10 
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1. Core Drilling 

Information concerning subsurface conditions is obtainable by 

drilling small vertical (or nearly vertical) holes down to tunnel depth, 

with the concommitant examination and testing of the removed mauerlal 

(core samples). Holes drilled In rock are usually about 3 in. in diameter, 

and the amount of core recovered is a function of the quality of the rock 

and the skill of the drillers. Data on rock properties and geological 

conditions as a function of depth are obtained through core logging, 

water testing, and laboratory measurements of core samples. 

2. Core Logging 

This is essentially the systematic recording of observations of 

rock properties for successive co'-e samples.  In particular, parameters 

such as rock type, fracture and joint spacing and orientation, density, 

and hardness are of immediate Interest.  Since heavy ground-water condi- 

tions are particularly influential in a tunneling operation, data on 

changes in the water level encountered, as well as porosity and permeabi- 

lity measurements and pumping tests, are of value. 

3. Pilot Bore 

In view of the Inherent deficiencies in the techniques discussed 

above, the need for exploratory drilling ahead of a working face has 

been widely recognized. Current geological investigation terhniq'es 

do not provide enough information for design purposes, nor are they 

capable of being applied simultaneously with the excavation process. As 

a result, it would be desirable to obtain in situ geological information 

In advance of a working face. Either a pilot bore prior to main tunnel 

excavation or a pilot bore sufficiently ahead of the main tunnel advance 

may supply the needed information. 

The Straight Creek Tunnel Pilot Bore Is an example of excavating 

a complete pilot tunnel In the immediate vicinity of the Intended tunnel. 

A small pilot tunnel was excavated and subsequently surveyed by geophysi- 

cal techniques. The resulting data indicated potential trouble spots, 

1-11 



and some correlation of rock properties with consfrui'tlon parameters was 

made.  If such a procedure could be made more economical, It would repre- 

sent a very effective geological measurement tool. 

The Japanese Selkan Tunnel across the Tsugaru Strnit la an example 

of excavating a pilot tunnel simultaneously with the main tunnel, far 

enough ahead to guide the main tunnel operations.  This project, in 

addition to the pilot tunnel, relies on Information provided by the 

drilling of a small probe hole I'D to 1000 ft ahead of the excavation to 

locate potentially bad ground conditions. 

4 .   Field f^physical Measurements 

In .-iddltion to the techniques mentioned above, surface measurements 

are occasionally made using seismic velocities as Indicators of IUL   ;ic 

rock properties md changing geological conditions.  However, its effec- 

tiveness Is frequently limited by insensitivities of the techniques used 

and by an Inability to distinguish clearly between certain kinds of rock. 

Surface measurements of DC electrical resistivity have also been used to 

detect changing rock and ground-water conditions, but with modest success. 
8 9 

However, data from the Straight Creek Tunnel Pilot Bore  '  Indicate that 

such measurements may be of definite value in conjunction with other in 

£itu techniques. 

Some use has ^en ran e of borehole photography to provide direct 

observation of geological conditions inside the borehole. 

i 

Geophysical measurements of seismic velocities in boreholes are 

also made.  Depending on the physical differences among the rock types 

encountered, such data can be used to correlate other surface geophysical 

measurements.  Unfortunately, unless the boreholes are spaced close 

enough along a proposed tunnel route to repeal all geological changes 

bearing on engineering design and construction, the resulting information 

is only generally indicative of conditions to be expected.  Core logs 
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are often incapable of indicating the extent of geological discontinui- 

ties.  As a result, the data yield only an Incouplete picture of geolo- 

gical and hydrological conditions at tunnel depth.  However, in mining 

operations core-borinf; techniques may provide all the useful information 

that is needed. 

D. LABORATORY TESTS 

In addition to the logging and measurement techniques used in 

conjunction with core boring, the intact core samples are usually tested 

in the laboratory. The object of such tests is to determine those rock 

propert es which influence the excavation method, support and liner 

design, and probable ground-water conditions.  In particular, such 

parameters ai unconfined compressive strength, hardness, fracture and 

joint spacing, and degree of weathering are of immediate interest. 

Prospective bidders and/or tunnel machine designers might perform addi- 

tional tests of their own choosing to enable them to evaluate the 

relative advantage of drill and blast versus machine tunneling, but such 

tests are performed after the initial geologic investigation is made. 
7 11 12 

In recent years, the rock quality designation (RQD) '  *  has come into 

use as a simply measured indicator of overall rock quality. It is 

defined as the fraction of the recovered core pieces with a length greater 

than or equal to 4 in.  Thus, it is an approximate measure of the influ- 

ence of discontinuities on the rock mass encountered. This will be 

discussed in more detail in a subsequent section, but it suffices to say 

at this point that the RQD can be correlated at least partially with 

engineering and construction aspects of tunneling.  At the present time, 

laboratory measurements of intrinsic rock properties are useful only in 

furnishing guidelines for support design purposes.  The measurements are 

useful, but enough uncertainty remains to require the inclusion of large 

safety factors in design and construction. 

E. COST CONSIDERATIONS 

In general, one cannot readily provide rules which determine the 

optimum allocation of resources to geological exploration. The amount 
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can vary significantly from one project to another and one geology to 

another. However, Table 1-1 summarizes typical costs associated with 

current geological surveying and measurement procedures. They can be 

used to estimate the total cost of postulated exploration programs. 

It should be mentioned that the cost per foot of core drilling 

depends somewhat on the diameter and ultimate depth of the hole. Thus 

it can be seen that drill holes of 500-foot depth might typically cost 

$5,000 or more each. This explains why their locations are chosen with 

care. Finally, it should be mentioned that in situ engineering tests 

for design purposes are usually more costly and time consuming than 

laboratory tests. This includes, in particular, radial Jacking tests to 

measure the deformation of tunnel wall rock under various loading condi- 

tions. 

TABLE 1-1 

COST ELEMENT OF GEOLOGICAL SURVEYING 

j..   Core drilling into bedrock (3-in, 
diameter) with boxing of cores 

2. Water pressure tests 

3. Mobilization/demobilization 
(per drill rig and crew) 

4. Observation well (1 1/2 in. 
diameter) 

5. Surface mapping 

6. Literature research 

7. Laboratory tests 

8. Seismic tests (surface) 

$5-$25/ft 

$75/test 

Variable (several hundred 
to several thousand 
dollars) 

$4/ft 

$100/(day-geologist) 

$2100/man-mo. (office) 

$25-$100/sample 

< $l/lln. ft 

■ i 

i 
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APPENDIX II 

GEOLOGY MODEL 

by 

F. H. Murphy 

SUMMARY 

This appendix describes Jie concept, code structure and user opera- 

tion of the geology model which Is a tool for building a file of data 

which represents the geological conditions found within a given three- 

dimensional model of a region of rock. 
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I.   OVERVIEW 

The geology model is a part of the excavation simulation model. 

One of the requirements established for the simulation model by the 

Bureau of Mines was that it provide a realistic modeling of the geologi- 

cal conditions encountered during the process of tunneling; specifically, 

it was established that the rock which was encountered was not to be 

modeled as a homogeneous medium.  It was also established that the ex- 
r " 

, cavation model was intended to be used as a research tool which would 

aid in evaluating the relative cost and performance characteristics of 

various techniques which might be used for tunneling through hard rock 

in the near future.  This latter consideration led to a decision to de- 

sign the overall model in such a way that the portion which was concerned 

with modeling geological conditions was a separate entity. 

The geology model is intended to be a convenient tool for building 

a file of data which represents the geological conditions found within 

a given three-dimensional region of rock. The representation of the 

geology is meant to be exemplary. By this it is meant that the geology 

model is primarily intended for use in building files which represent 

hypothetical geologies which might be of interest In research.  Even so, 

enough flexibility is provided so that reasonable representation of 

existing geological regions could be rather easily constructed, if de- 

sired. The sizes of the geological regions which are simulated, as well 

as the spacings of data points within the regions, are under the control 

of the user. 

This appendix Is intended to document the inputs, the methods of 

operation, and the outputs of the geology model. In doing this, it is 

convenient to discuss first the structure of the geology file which is 

generated; this gives some Insight as to why the model is as it Is. The 

structure of the model is then discussed In some detail. A discussion 

of the specific formats and uses of the various control cards follows. 

Finally, a detailed description of the subroutine named BENDER, which Is 

used to simulate the tectonic warping of layers of reck, is given. 
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II.   OUTPUT FILE STRUCTURE 

The geology file produced by the geology model Is a simple sequen- 

tial (i.e., tape-like) file. This file consists of four parts, in order: 

1. Dimensional Information 

2. Rock Layer Information 

3. Rock Property Information 

A. Layer Position Information 

Each of these four parts will be discussed In turn.  It should be noted 

that there are no end-of-file marks between the parts of the geology file; 

the only end-of-file mark is located at the end of the file. 

The dimensional information specifies the size of the region to be 

modeled and the horizontal spacing between data points.  Implicitly, it 

also specifies the number of entries which will be found in the fourth 

part of the geology file—the layer position information.  In order to 

see how this is done, imagine for a moment that you are well up in the 

air, looking down at a rectangular region of the earth's surface. This 

region is described, throughout the model, by means of the following 

directional notation conventions: 

Y, NORTH, J, OR N DIRECTION 

X, EAST, I, OR M DIRECTION 

The compass-like notation is used for input convenience. The X and Y 

notation is used when it is convenient to refer to points within the 

region by means of floating-point coordina is; either the I and J or the 

M and N notation is used when it in convenient to refer to selected points 

within the region by means of integer coordinates. Vertical levels are 
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always referred to by floating-point numbers; the variable name Z is most 

commonly used for this purpose. The positive vertical direction is up- 

ward. 

Within the model, this region is divided up into an Integral number 

of grid squares. There are NX grid lines from right to left and NY grid 

lines from top to bottom. NX need not equal NY. These grid squares need 

not, in truth, be square. A scale factor can be associated with each of 

them. Thus, each square is SCALEX wide and SCALEY high. SCALEX need not 

equal SCALEY. The geology file contains geological layer position Infor- 

mation for each point at which the grid lines cross. 

Going back for a moment, then, the first part of the geology file 

contains four entries of dimensional information which specify thF; size 

of the region to be modeled and the horizontal spacing of the data 

points.  In order, these four entries contain: 

Position Contents Format 

1 NX 15 

2 NY 15 

3 SCALEX 1PE18.10 

4 SCALEY 1PE18.10 

At the present time, the model can accommodate regions in which NX and 

NY are each less than or equal to 30.  If these limits are exceeded, 

the array SURF in the geology model's main program should be redimensioned 

to SUHF(NX . NY . 7) where NX and NY are the maximum desired values of mm mm 
NX and NY; no other changes are required. There values of SCALEX and 

SCALEY are not subject to any practical limitations. 

The present version of the geology model allows the user to specify 

up to 25 different layers of rock, which may correspond to between 2 

and 25 kinds of rock.  If these limits are exceeded, the array INDEX 

should be redefined as INDEX(ILAYR ), where ILAYR is the maximum number 
m m 

of layers desired. Depending upon the computer used, it may be necessary 

to change the PROGRAM card of the geology model to allow for the files 
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TAPE1, TAPE2, .... through TAPE(ILAYR ). The array Bl'FF should 

also be redefined at^ BUFF(ILAYR + 7.).     Additional rock types are 
m 

accommodated by redefining the array PROP as PROP(6, IR0CKm), where lR^CKm 

is the maximun number of rock types desired. 

The geology model allocs the user to easily generate surfaces, 

which are interpreted as the upper boundaries of layers of specified 

kinds of rocks.  The user is required to number these layers, for identi- 

fication purposes, as he generates them.  There is no requirement that 

the relative vertical positions of layers be in any way related to the 

identification numbers assigned to them. 

The second part of the geology file is simply a copy of the values 

which the user placed in the array named INDEX.  The value of INDEX(ILAYR) 

is the number of the rock type which the user specified as being found 

directly beneath the surface to which he gave the identification number 

ILAYR.  Let us suppose that INDEX(ILAYR) = IROCK.  Then, PROP (1 through 

6, IROCK) contains the six parameters which the user specified as de- 

fining the kind of rock which he gave the rock identification number IROCK. 

The third part of the geology file is simply a copy of the values which 

the user placed in the array named PROP. 

Explicitly, the seconc part of the geology file consists of rock 

layer information in the form: 

Position 

29 

Contents 

INDEX (1) 

INDEX (25) 

Format 

12 

12 

Rock types for 
layers 1 through 
25. 

and the thxi I part of the geology file consists of rock property informa- 

tion in tne form: 
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Position Contents Format 

30 PROP (1,1) IPEIS.IO. 

31 PROP (2,1) 1PE18.10 1 

32 PROP (3,1) 1PE18.10( , Parameters for 
33 PROP (4,1) lPE.l8.10i rock type 1 

34 PROP (5,1) 1PE18.10 ] 

35 PROP (6,1) 1PE18.10^ 

36 PROP (1,2) 1PE18.10 

179 PROP (6,25) 
1 

1PE18.10 

The fourth part of the geology file consists of NX times NY entries, 

in sequence, each entry being of the following form: 

Format 

1PE18.10 

1PE18.10 

1PE18.10 

1PE18.10 

Entry Position Contents 

1 I 

2 J 

3 Zl 
4 

1 r 
ILAYR + 2 

m ZILAYR 
1PE18.10 

m 

Each entry is for a single point at which the grid lines cross; the coor- 

dinates of that point are the integers (I,J). The ZL for L - 1 to ILAYRm are 

the vertical positions of the layers which the user has given the identi- 

fication numbers 1 through ILAYR respectively; Z values for layers which 
m 51 

he has not specified are set to the value Z - -10 .  In interpreting the 

entries at a given (I,J) location, it is understood that, in case of 

overlap, an arbitrary rule determines vhich layer numbers take precedence. 

For example, suppose that at location (ItJ) we were given the values 

Z for L - 1 through 25. We would receive them in the order given above: 
IJ 
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L 

1 

2 

3 

Z 

Z, 

25 J25 

Our first step might be to sort the entries into increasing order by Z, 

and then use L as a precedence number: 

L 

1 

25 

2 

3 

I 
24 

This might  correspond  to the condition: 

Z 

Z, 

'25 

'24 
I 

LAYER 1 

LAYER 2 

The above illustration of how layer precedence relationships can be used 

is meant to be illustrative rather than definitive. No dcubt the reader 

can imagine other geological conditions in which other precedence 
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III.  GEOLOGY MODEL STRUCTURE 

There are two major phases of the geology model.  During the first 

phase, the user is aided in manipulating surfaces on an NX by NY grid. 

These working surfaces may then be given layer number and rock type iden- 

tification numbers, and be stored on auxiliary storage (usually disk 

storage) one surface at a time.  The user is allowed to have up to sevv • 

working surfaces in existence at any one time.  As was previously stated, 

the model as presently impleiranted will accommodate up to 25 layer sur- 

faces. 

The result of the i_rst phase of operation is a collection of 

individual files, each corresponding to the Z values of a single layer 

surface; each such file of Z values is in the customary FORTRAN ordering 

by I and J.  What is desired is of course a single file, ordered by I 

and J, which contains the Z values for every surface at each value of 

I and J.  This phase, which begins upon the receipt of a MAKEFILE card, 

is essentially a reordering phase.  During this phase, the values of NX, 

NY, SCALEX and SCALEY, as well as the contents of the arrays named INDEX 

and PROP, are written out onto the new geology file.  The rest of the 

file is constructed by stepping through all values of T and J and, for 

each data point so  defined, reading the corresponding Z value from each 

of the layer-surface files, consolidating these values into one entry, 

and writing this information onto the new geology file.  When this process 

is completed, the operation of the geology model is terminated. 

Figure II-l illustrates the two-phase nature of the geology model. 

11-12 I 



; 

i 

CD 
■ST. •—< 
O 

on 
UJ 

>- 
to 
o 
_J 
o 
UJ 
o 

I 

! 

If] 

4n 

0. 

Ul 
1/1 

3: ct 
\- CC 

00     - 
< UJ 

Cf a. r 
o   • 

ui 
< o >- < < u. o o: 
u. to 

3: ui 
a. >- 
(£ _j 

n: 
•o >- 

f-   ; 

ui ui 
o. u- 
o u- 
o: >-• 
a. o 

Q. >- 
O t3 
00 I 

_J 
o 

KTI ui 
n 13 
3: 

UJ t^) 
• as 

_i < 

UI CO 
ui <: 
ID _l 
l/l «. o 

o: x 
ui cc 
3 —1 
O UJ 

■ a: 

r-f 
0) 

I 
00 
O 

r-f 
O 
(U 
o 
<u 

«4-1 

o 
a o 

•H 
4a 
«9 
U a) 
o 

o 
(0 
a) 
a> I O-i 

o I 
a) 

0) 
M 

3> 

H-13 

1 

■ ■■■^—- 



IV.   INPUT DATA CARDS 

Sixteen different kinds of input data cards art-, used to control the 

operation of the geology model.  Each kind is identified by a label which 

is punched into columns ] to 10 of each card (left justified).  The 

remaining space on each kind of card is divided up into seven equally 

sized data fields, each field being ten columns wide. All data entered 

into any of these data fields must be numerical and must include a deci- 

mal point.  The formats of the sixteen kinds of input data cards are 

given in Table II-l. The purpose of each kind of cards and its associated 

data parameters is discussed in this section. 

A.   GEOLOGY CARD 

The geology card must be the first card of the Inpvt data deck. 

There must be only one geology card per input data deck. Violation of 

either of these restrictions will cause a diagnostic message to be printed 

and the current run of the model to be terminated. The meanings of the 

variables NX, SCALEX, NY, and SCALEY are as given in Sec. II of this 

appendix. i 

I B.    SURFACE CARD 

A SURFACE card provides a method of inputting a completely arbitrary 

surface.  The main disadvantage to this is th^t many point-data cards 

(blanks in columns 1 through 10) may be required if NX times NY is .large. 

Tn specifying an arbitrary surface, the SURFACE card must come firs':. 

SURFNO is the number by which the working surface which is to be cre^t^d 

will be known; SURFNO can be any integer from 1 to 7, inclusive (but re- 

member that decimal point I).  The other data fields on the SURFACE card 

are ignored—unless they contain non-numeric data, which can cause a 

fatal error in the FORTRAN input-output routines. 

i 

The SURFACE card must be immediately followed by enough point-data 

cards to define the desired points on the surface.  Two points can be 

defined per card; the problem which arises when it is necessary to define 
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an odd number of points is avoided by checking the value I times J before 

storing the value SURF(I,J).  If I times J is zero (or blank) SURF(I,J) 

is ignored. The number of point-data cards is not checked. They need not 

be in any order, as long as all desired cards for the surface to be defined 

are together and immediately follow the appropriate SURFACE card. 

C. PLANE CARD 

As was noted above, the definition of large numbers of surface 

points can require large numbers of point-data cards and, therefore, lajge 

amounts of keypunching. This kind of effort is clearly unjustifiable 

when only very simple surfaces are required.  Through the use of the 

PLANE card, one can establish a working surface with working surface 

identification number SUTIFNO, all of whose points are set to the value 

DEPTH, in one simple operation. 

D. RAISE CARD 

Geologies having layers whose layer surfaces are virtually identical, 

except for a vertical separation between layers, are not uncommon.  The 

RAISE card was provided to ease the task of defining such a geological 

region.  The use of the RAISE card simply adds the constant named DISTANCE 

to every data point of the working surface having the surface identifica- 

tion number SURFNC 

E. LOWER CARD 

The same comments made in conjunction with the RAISE card are 

appropriate here.  The use of the LOWER card simply subtracts the constant 

named DISTANCE from every data point of the working surface having the 

surface identification number SURFNO. 

F. SCALE CARD 

The use of the SCALE card is similar in nature to the uses of the 

RAISE and LOWER cards.  In this case, each data point of the working 
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surface named SURFNO(A) is multiplied by the scale factor named FACTOR, 

the result being stored in the corresponding location of the working 

surface named SURFNO(B).  SURFNO(A) may equal SURFNO(B), if desired. 

G.   SUM CARD 

The use of the SUM card causes the Z value for each I,J location 

of working surface number SURFNO(A) to be added to the Z value for the 

corresponding I,J location of working surface number SURFNO(B); the 

resulting value is placed in the corresponding I,J location of working 

surface number SURFNO(C).  The Z valaes for the working surfaces nua^ered 

SURFNO(A) and SURFNO(B) remain unchanged unless one or the other or both 

of the working surfaces have the same number as working surface SURFNO(C). 

The numbers SURFNO(A), SIIRFNO(B) and SURFNO(C) may be equal to each 

other in any combination, if desired. 

I.   TILT CARD 

Up until this point, all of the operations performed upon working 

surfaces have been vertical. It has also been considered daalrabla to 

provide some simple method of tilting surfaces, so that it  would not be 

necessary to resort to the definition of surfaces through the use of 

"JURFACE cards whenever the layer structure In a particular geological 

region happened not to be horizontal. The TILT card provides a simple 

method of tilting arbitrary surfaces. 

The arbitrary surface which is to be tilted is that working surface 

having the surface identificatioii number SURFNO(A). The data point values 

H-17 

H.   DIFFER CARD 

The operation of the DIFFER card is identical to that of the SUM 

card, except that the corresponding I,J data points of working surface 

number SURFNO(B) are subtracted from those of working surface number 

SURFNO(A) in order to obtain the data point values for SURFNO(C).  In 

short, surface A minus surface B equals surface C. 



whiih result when this surface is tilted DEGREE degrees, in a right- 

handed fashion, around a horizontal vector through the poin" having the 

coordinates (PTX, PTY, PYZ) and pointing in a direction AXIS which is 

measured In degrees, In a compass-like fashion from north (or equivalently, 

the Y axis), are placed in the appropriate locations of the working sur- 

face having the surface identification number SÜRFNO(B). 

This all sounds very complicated at first, but in practice, it is 

easy.  The formulas used are well known.   The only difficult part of the 

operation stems from the fact that originally our working surface number 

SURFNO(A) has its Z values recorded at Integer values of X and Y; after 

the tilting operation takes place, this Is no longer true, in general. 

Yet this has to be true before we can store the Z values for working 

surface number SURFNO(B).  It is therefore necessary to use a surface- 

fitting subroutln«? SRFIT in order to determine the second-degree equation 

which best fits that set of data points which is closest to each integer 

valued I,J pair for which we want a Z value for working surface number 

SURFNO(B).  We then use the equation to interpolate in order to find the 

desired Z value.  This must be done for every I,J pair where 1 < I < NX. 

1 £ J £ NY. 

Normally, the six closest data points should suffice for such a fit. 

It has been found desirable to use the closest eight in most caser.  This 

results in a small amount of "smoothing" which is helpful at boundaries 

or at parts of the surface which have sharp bends.  If it has trouble 

in fitting the surface with the eight closest points, the program will 

next try ten, then twelve points.  If the trouble persists, diagnostic 

information is provided. 

See, for example, pp. A-255 of the Handbook of Chemistry and Physics, 
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There Is no restriction as to how surfaces can be tilted. They can 

be tilted in a positive or negative direction, in small amounts or in 

barrel rolls. The only real constraint is that the resulting surface mu«t 

be singly-defined at each integral value of I and J where 1 _< I < NX, 

1 £ J < NY; otherwise, trouble will be encountered with SRFTT, as noted 

above. 

J.   RELAX Cä£I) 

We have discussed the use of completely arbitrary surfaces, speci- 

fied througn the use of the SURFACE card, and the use of planes specified 

through the use of the PLANE card.  The RELAX card provides a means of 

achieving a middle ground between the relative advantages of realism and 

simplicity achieved through these two approaches. 

Many geological surfaces may be adequately represented by "minimum 

energy" surfaces. That is, given the boundary points through which the 

su   -c would have to pass at the edges of the geological region which 

we ce  rodeling, this type of surface is the smoothest which could be con- 

st rue i ed which would still pass through the boundary points. An infinitely 

flexible membrane, such as a soap bubble, could be expected to provide the 

same kind of surface. 

Mathematically, this kind of surface is called a harmonic surface; 

it satisfies LaPlace's equation in two dimensions: 

2    2 

2    2 

Given the boundary points for such a surface, there is a straightforward 

algorithm known as the relaxation algorithm which can be used in order 

to find the interior points which satisfy the above equation. This 

algorithm is Iterative; its values converge to those of the desired 

surface.  In general, this convergence is quite rapid at first, then more 

and more gradual as the computation continues. 
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The. RELAX card allows us to use this algorithr.  A typical approach 

would be to first use the SURFACE card method to specify only ill of the 

boundary points for working surface number SURFNO.  The RELAX -^rd would 

then be used to find all of the interior points for this surfac?; these 

would have the property of representing the smoochost possible surface 

through the boundary points given. 

The parameter TOLER allows the user to control the accuracy with 

which the surface is determined.  The relaxation process will stop when, 

during one iteration of the algorithm, the value of no data point on 

the working surface changes by no more than TOLER.  Note that TOLER 

measures the amount of change, not the amount of error as compared to the 

final, exact surface.  Given reasonable surfaces, TOLER should probably 

be at least an order of magnitude smaller than the maximum error desired; 

when NX and NY are large, two orders of magnitude might be appropriate. 

If the user specifies that TOLER = 0 or leaves the specification of TOLER 

blank, the following automatic definition of TOLER takes place, in order 

to conserve computer time: 

i 

1 

"I 
"1 

i 
n 

i 

TOLER = 
SCALEX + SCALEY 

200 

Note that the RELAX card can be used in conjunction with any 

working surface whose boundary points are defined.  The user is not 

restricted to using it in conjunction with the SURFACE card as outlined 

above. 

i 

K.    BEND CARU 

The subroutine (BENDER) used to implement the operation of the BEND 

card is the most complex subroutine of the geology model.  It is discussed 

in detail in Sec. V, but an overview of its operation is provided here. 
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When something is bent, there is a median surface which is neither 

stretched nor compressed—only displaced.  For example, consider a simple 

beam: 

OLD MEDIAN PLANE. 
BEFORE BENDING 

STRETCHED 

/-^NEW MEDIAN PLANE, 
f    AFTER BENDING 

As we can see above, the stretched and compressed sides of the beam are 

not related to each other by a simple vertical distance relationship. 

While this is a two-dimensional example, the same kind of thing happens 

in three dimensions, except that there is a median surface which need not 

necessarily be a plane or cyliner. 

The question which the bending subroutine attempts to answer is, 

"Given two working surfaces which represent the locations of the old and 

new median surfaces, prior to and after the bending of the rock, what is 

the new surface which resulted from the deformation of the old surface 

during this bending process?" 

The exact analytical solution of this question would involve great 

data processing expense. We have provided an approximate solution, which 

seems to give reasonable answers, but even then Involves significant 
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expense when NX and NY are large, since the processing time is related 
2 

to (NX times NY) .  Much of this expense is unnecessary since, when NX 

and NY are large, it is not usual for the displacement of the median 

surface at one I,J location on the grid to have much effect on surface 

deformations for I,J locations which are many grid points distant.  The 

INFLUN parameter allows us to take advantage of that fact.  Through its 

use, the consideration of the effect on deformation by causes more than 

INFLUN grid spacings distant can be eliminated.  This makes the running 
2 

time proportional to (NX times NY) times (1+2 times INFLUN) —a sig- 

nificaat saving when NX and NY are large.  If iNFLLN is not specified, 

it is automatically set equal to three. 

L.    GRAPH CARD 

From time to time, one may become curious as to the current Z values 

of a given working surface—especially after using a BEND card.  The GrA^H 

card allows the user to print out X-Y plots of the surfaces, with X and Y 

coordinates labeled, and the appropriate Z values displayed.  Plots that 

are too wide are automatically printed out in vertical strips which, when 

laid side by side, depict the entire surface.  There is therefore no 

problem In producing plots, regardless of how large NX and NY become. 

Plots for several working surfaces can be produced with the same GRAPH 

card by placing their working surface identification numbers in sequential 

data fields on the card, beginning in the leftmost data field.  The first 

blank data field encountered will terminate the process of producing plots. 

The process of producing plots does not alter any surface in any way. 

y.. LAYER CARD 

The LAYER card is used in changing the status of a working surface 

to that of a geological surface.  In doing this, the working surface is 

left unchanged; it is merely copied onto a disk file, and given a new 

number—a layer number as opposed to a working surface number.  In 

addition, an entry is made in the array INDEX.  This entry specifies the 

kind of rock properties which the user wants to have associated with this 
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geological layer.  In effect, In using the LAYER card, the user is 

saying, "Use working surface number SURFNO, associated with rock type 

ROCKNO, as geological layer LAYERNO." 

N.   PROPERTY 

The PROPERTY card allows the user to specify the properties which 

are to be associated with rock type ROCKNO. The meanings of these param- 

eters are not specified at the preoent time and are not relevant to this 

discussion. 

0.   MAKEFILE 

The MÄKEFILE card Is the card which causes the consolidation of 

geological Information Into the geology file.  In making the geology 

file, the geology model will assume that the user has specified properties 

for all types of rock having the numbers 1 through MAXROCK, Inclusive. 

Likewise, It will assume that geological layer Information Is stored for 

all layers having layer numbers 1 through MAXLAYER, Inclusive. 

P.   SUMMARY 

Except for the first ten columns of any Input data card, which 

must be alphabetic and left justified, all data entered on Input data 

cards must bf numeric and must contain decimal points. 

The reader Is cautioned to be thorough and consistent In redefining 

arrays within the geology model.  For example. If the array SURF were 

redefined as SURF (27, S3, 7) In the main program GEOMOD, then the arrays 

named A, B, C, D, BX, and BY In the subroutine BENDER would have to be 

dimensioned as (27, 53), the array POINT In BENDER would have to be 

redefined as P0INT(3, 1431), and the array GRID In the subroutine GRAPH 

would have to be redefined as GRID(27, 53).  Failure to redefine these 

arrays outside of the main program GEOMOD would lead to Incorrect 

Indexing of these arrays and would cause erroneous results. 
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V.    SUBROUTINE BENDER 

i 
The motivation in developing the BENDER program (Fig. IT-2) was to 

create a subroutine which wou'-u geometrically alter geological layers in 

a reasonable and consistent way, and with a reasonable expenditure of 

computer time. The approach taken was geometrical rather than physical, 

on the basis of simplicity, available geological knowledge, and program- 

ming priorities. 

When one begins to think about geometrical approaches to the warp- 

ing of geological surfaces, some concepts seem to quickly come to mind and 

persist: 

1. Any reasonable way of defining the three-dimensional deforma- 

tion of a layered geological region seems to involve a descrip- 

tion of what happened to the surface which, after deformation 

is the "median" surface in the sense that it was neither 
"I 

stretched nor compressed, but merely displaced. 

2. It is true that, in a given pattern of deformation, there 

might be a large volume which might be neither stretched nor 

compressed and therefore, in the above sense, there can be no 

reasonable definition of any single "median" surface on the 

basis of its being neither stretched or compressed.  While 

this is true, it is also true that, in this region, any surface 

would form an acceptable "median" surface, in the above sense. 

3.   In fact, when one begins to think about the time spans involved, 

the stresses and strains involved are probably not that well 

defined or understood; they may be dissipated by slippage, 

pxastic flow, changes in the chemical makeup of the rock, etc. 

It is probably more realistic to think about deformations 

rather than stresses and strains, although the concept of a 

median surface is still an aid to understanding. 

11-24 

r| 



I 
I 
I 

' 

I 
I 
I 
1 
1 
I 
I 

FOR EACH POINT 
ON THE OLD 
SURFACE TO BE 
DISPLACED 

COMPUTE NORMAL 
VECTORS FOR NEW 
MEDIAN SURFACE 

FIND ALL NORMAL 
VECTORS FROM 
NEW MEDIAN WHICH 
PASS THROUGH POINT 

NOTE THAT, IN GENERAL, 
THIS INVOLVES SEARCHING 
EVERY GRID SQUARE ON THE 
NEW MEDIAN SURFACE 

EXTEND ALL SUCH 
VECTORS TO OLD 
MEDIAN SURFACE, 
FIND DISPLACEMENTS 

DISPLACE POINT ON 
OLD SURFACE BY THE 
AVERAGE OF THE ABOVE 
DISPLACEMENTS 

INTERPOLATE TO FIND 
VALUES OF NEW SURFACE 
AT GRID CROSSING 
POINTS 

Figure II-2.  Flow Chart of Logic of BENDER Subroutine 
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It is immediately obvious, after glancing at Fig. 11-2,   that the basic 

logic of the BENDER is exceedingly simple; it is also obvious, after look- 

ing at the 350 lines of FORTRAN in its listing, that its implementation 

may be straightforward, but it is not simple.  For example, computing the 

nomul vectors for the new median surface involves computing the partial 

derivatives in the X and Y directions at each grid line crossing point 

and storing them in the BX and BY arrays, respectively.  These partial 

derivatives are then converted to the direction cosines of the desired 

normal vectors, the results of this computation again being placed in the 

BX and BY arrays.  About 25 lines of FORTRAN code are involved. 

likewise, finding all of these normal vectors which pass through 

each grid line crossing point on the old surface is no simple task. 

First of all, this implies that the direction cosines for each grid 

line crossing point on the new median surface have to be examined in 

order to determine whether a normal vector from that point on the new 

median surface could go through each of the grid line crossing points 

on the old surface which is to be distorted.  The mechanics of this 

operation infer that this processing step would have to be performed 

(NX times NY) times (NX times NY) times.  This problem, whose solution 

was discussed in the preceding section, is compounded by the fact that 

the normal vectors from the new median surface will generally not ori- 

ginate at grid line crossing points, if they pass through grid line 

crossing points on the old surface which is to be distorted; some method 

of interpolation is therefore needed.  The problem is further compounded 

by the fact that an iterative procedure is used to find the origination 

point of the normal vectors; there seems to be no better alternative to 

this procedure. 
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Although the iterative procedure could not be avoided, a quick, 

reasonable method of interpolation was found.  If a function has a stated 
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value at the four corners of a square grid, and if its value at some 

interior point is desired: 

F (I.J + 1) F (I + 1, J +1) 

DY 

"*     plJ + 1, J) 

T 

I 
1 
1 
I 
I 
I 

then if F(I + DX, J + DY) is computed as follows: 

F(I + DX, J + DY) = (1 - DX) (1 - DY) F(I,J) 

+ DX (1 - DY) F(I + 1, J) 

+ DY (1 - DX) FCI,, J + 1) 

+ DX (DY) F(I + 1, J + 1) 

The value of F(I + DX, J + DY) obtained Is the same as if F(X,Y) were a 

harmonic function whose boundary values varied linearly along the boundaries 

between the four points in question. This interpoiatlon scheme is used 

several times in the BENDER subroutine. 

Having found a normal vector (suitably Interpolated) from the new 

median surface which passes through a given grid crossing point on the old 

surface to be displaced, the next task is to extend the vector—in one 

direction or the other—until it intersects the old median surface, so 

that the displacement of the median surface can be calculated; this 

displacement will contribute to the displacement of point on the old sur- 

face to be displaced Into the new, displaced surface.  Again, it seems 
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that the only way to do this is by an iterative procedure. The method 

used is similar to that used with the normal vectors, above. Basically, 

one makes a guess as to where the desired vector might originate rr 

terminate, as the case may be. One then determines what correction is 

necessary to make thfl ve-tor collinear (not necessarily in the same di- 

rection) with a previously determined vector. This procedure is repeated 

untiJ either the computation drives the guesses out of bounds or the 

process converges to a solution, within a reasonable tolerance. 

Finally one encounters the same problems with surface fitting that 

were discussed in conjunction with the TILT card (previous section).  Tn 
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fact, the same code is used, since the TILT routine is part of the BENDER 

subroutine.  The same comments apply. 
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APPENDIX III 

PROGRAMS TUNm AMD GENTNL 

by 

P. K. Parish 

SUMMARY 

The two programs, TUNNEL and GENTNL, are alternative means of 

creating the geology file, TUNNEL, required by the excavation model. 

Program TUNNEL uses as Input the GEOLOGY file generated by the geology 

model; program GENTNL allows direct creation of the TUNNEL file using 

only card input. 
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I.   PROGRAM TUNNEL 

A. PURPOSE 

Program TUNNEL creates, from the GEOLOGY file written by the geology 

model, a TUNNEL file for input to the excavation model. The TUNNEL file 

doscribes the properties of the rock encountered in a specific tunnel 

through the three-dimensional area defined by the geology model.  Execution 

and Information flow is shown schematically in Fig. III-l. 

B. GENERAL TECHNIQUE 

The geology information is read from the GEOLOGY file and stored 

Internally. The user, meanwhile, inputs (X,Y,Z) coordinates of the end 

points of any number of straight-line segments which describe the tunnel 

midline through the ßlven geological area^  The program advances along 

the midline of this tunnel at intervals of DELTA feet (see "OPTION" card), 

determining what geological layer contains each point. Whenever a new 

layer is entered (or the end of a segment Is reached), a record is written 

for the TUNNEL file. 

C. INPUT 

1. The GEOLOGY file, generated by the geology model, containing 

three-dimensional layer and rock property information 

2. User parameter cards 

There are four types of input cards (see Table III-l): OPTION, START, 

NEWLEG, and END.  Each card is considered to have up to 6 fields of 10 

columns each.  The first field contains the alphabetic keyword, beginning 

in column 1. Values entered in succeeding fields must contain decimal 

points, but may appear anywhere in the assigned 10 columns. A descrip- 

tion of each card type follows. 

Preceding page blank 
III-5 
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Figure ITI-1. TUNNEL File Creation by Program TUNNEL 
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TABLE III-l 

INPUT CARD FORMATS FOR PROGRAM TUNNEL 

1-10 

OPTION 

START 

NEWLEG 

• 

• 

NEWLEG 

END 

11-20 

DIAM 

X 

X 

X 

X 

21-30 

XORIG 

Y 

Y 

Y 

Y 

31-40 

YORIG 

Z 

Z 

Z 

Z 

41-50 

UNIT 

51-60 

DELTA (Optional) 

(Required) 

(Optional) 

(Optional) 

(Required) 
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I 
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OPTION Input Card 

This card is used to override default values lor certain program 

parameters.  If default values are acceptable, this card is not required; 

if present, however, it must be entered first.  For each parameter except 

XORIG and YORIG (for which zero may be the desired value), a blank, or 

zero entry will cause the default to be in effect.  None of these para- 

meters is written to the TUNNEL file. 

Field Description Default 

DIAM      Tunnel diameter, In feet      10 ft 

XORIG     x location (feet) coin-       1 ft 
cident with 1=1 in geology 
model grid.  This is the 
reference point used for 
X entries on succeeding 
cards. 

YORIG     Y location (feet) coin-        1 ft 
cident with J=l in geology 
model grid.  This is the 
reference point used for 
Y entries on succeeding 
cards. 

UNIT      Number of feet represented     1 ft 
by each SCALEX, SCALEY 
unit in geology model grid. 

DELTA     The number of feet to be      20 ft 
used by the program be- 
tween test points along 
the tunnel midline. 

Comments 

Currently not used 
by the TUNNEL program 

If OPTION card is 
present, this field 
must be filled in. 

If OPTION card is 
present, this field 
must be filled in. 

A smaller number here 
yields greater accuracy 
and longer processing 
time. 
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START Input Card 

The X,Y,Z entries define the start of the tunnel mldllne through 

the area described In the geology model.  The X and Y coordinates refer 

to the I,J axes of the geology model grid after application of XORIG, 

YORIG, UNIT, SCALEX, and SCALEY.  The Z coordinate corresponds directly 

to those of the geology model, without transformation. 

Hence, the X entered here will be transformed to ehe pojition X 

on the geology model grid by: 

X = n (x - X0RIG) 
I      SCALEX X UNIT 

and similarly for Y . 

NEWLEG Input Card 

If the tunnel is one straight-line segment, this card is not used. 

If the tunnel is composed of N > 1 segments, however, there will be 
s 

N - 1 "NEWLEG" cards entered sequentially, each one containing the coor- s 
dinates of the start of each new segment (except for the first segment, 

the coordinates of which are entered on the START card). There is no 

practical upper limit for N . X, Y, Z are interpreted as for the START 
s 

card. 

END Input Card 

The last card entered must be an END card. It Contains the position 

of the end of the tunnel mldllne. X, Y, Z are Interpreted as for the 

START card. 
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D.    OUTPUT 

1. A printed report, showing the OPTIONS in effect, and a copy 

of the information written to the TUNNEL file. 

2. The TUNNEL file, which will be input to the excavation model. 

Each logical record on the file contains the following fields: 

a. POSITION:  The distance, in feet, from the beginning 

of the tunnel (X = 0) at which the following properties 

cease to apply.  That is, the properties are applicable 

through the Interval from the POSITION given on the 

preceding record (or from X = 0 for the first record) 

up to, but not including, this POSITION. 

b. PROPERTY 1: Unconfined compressive strength, psi 

c. PROPERTY 2: Abrasiveness 

d. PROPERTY 3: RQD, rock quality designation 

e. PROPERTY 4: In situ density, lb/ft3 

f. PROPERTY 5: Ambient temperature, 0F 

g. PROPERTY 6: Water inflow rate, gal/min 

h.    IFLAG:  Not used at present. May be utilized later to 

indicate mixed geology situations. 

The FORMAT statement used to write each record is "FORMAT (7(1PE18.10), 

12)." End-of-file is indicated by a dummy record containing a POSITION < 0. 

For the logic of the TUNNEL program, as well as for the geology 

model, the entity assigned to any PROPERTY is completely arbitrary.  The 

definitions shown here are those currently expected by the excavation 

model. 
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E. PROGRAM LOGIC 

1. Main Program 

Program TUNNEL reads the GEOLOGY file, processes the user input 

cards, and creates the TUNNEL file. The program technique is described 

in Sec. III-B, "General Technique." A flow chart is shown in Fig. III-2. 

2. Subroutine GETLYR 

This subroutine is used to determine which geological layer (LL) 

contains the point (XX,YY,ZZ). 

Layer information is given in the GEOLOGY file only at the integral 

(I,J) grid points, hence interpolation may be required when seeking layer 

information at (XX.YY).  Throughout the following discussion, Z,T T Tx = (I,J,L; 
vertical position in feet of the upper boundary of layer L at grid point 

(I.J). 

First, (XX.YY) is translated to the geology model's (I,J) grid by: 

XCOOR = i + gjf - gS^SL 
SCALEX x UNIT 

YCOOR = 1 + QTC - Y0RIG) 
SCALEY X UNIT 

The integers bounding (XCOOR, YCOOR), then, are given by: 

ILOW _< XCOOR < IHI 

JLOW <  YCOOR < JHI 

The four grid points surrounding (XCOOR, YCOOR), therefore, are (ILOW, 

JLOW), (ILOW, JHI), (IHI, JLOW), and (IHI, JHI). 

III-ll 
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C     PROGRAM     A 
V      TUNNEL       J 

INITIALIZE 

-> 
CALL RÜGEOL 

TO STORE 
GEOLOGY DATA 

300 
HAS END 
CARD BEEN 

READ? 

.YES 

/ USSR INPUT 
DATA Vt 

SET DDL = 
-100 (END- 

OF-FILE 
INDICATOR) 

^0 
NO 

READ A 7 
CARD / 

WHAT 
TYPE  OF 

CARD? 

"OPTION" 

150 L 170 

IS THIS 
THE   FIRST 

CARD? 

v "START" 

190 

NO 

PRINT 
ERROR 

MESSAGE 

C EXIT ) 
IbQ. 

PRINT REPORT 
HEADINGS, 

OPTION 
VALUES 

"NEWLEG" T 
STORE END- 
POINT IN 

(X2,Y2,Z2) 

STORE START- 
ING POINT IN 
(Xl.ll.Zl) 

STORE 
OPTION 
VALUES 

I 

I 

"EN"" 
180 ^ 

SET  YLX. 
INDICA- 
TING END 

CARD 
READ 

INCREMENT 
TUNNEL SEG- 
MENT COUNT 
(LSEGNQ) 

♦   I 

"OTHER" 

11. 
PRINT 
ERROR 

MESSAGE 

(     EXIT 

DETERMINE 
SEGMENT 
LENGTH 
(SLNGTH) 

 i  
FIRST 

TUNNEL 
SEGIINT? 

CALL GETLYK 
TO FIND 

LAYER (LL) OF 
(Xl.Yl.Zl) 

Figure III-2.  Program TUNNEL Flow Chart 
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INCREMENT  DL   (DIS- 
TANCE FROM START 

OF SEGMENT)   BY 
DELTA FT. 

I 
CALL NEWPNT TO 
FIND (XM.YM.ZM) 
WHICH IS DL FT 
FROM (Xl.Yl.Zl) 

CALL GETLYR TO 
FIND LAYER (LL) 

OF 
(XM,YM,ZM) 

I 
HAS END OF 

SEGMENT 
BEEN  REACHED? 

vNO 

YES 

SET END-OF- 
SEGMENT FLAG 

(LFIN) 

270. I 
PRINT RECORD 

IMAGE 

@-J. 

I YES 
SAME LAYER 

AS LAST 
POINT? 

NO 

WRITE 
TUNNEL BECORD/ 

I 310 
WAS THIS THE 

END-OF-FILE 
, RECORD  (DDL<$)?/ 
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NO 

•VT 
PRINT NORMAL/ 

TERMINATION 
MESSAGE 

N0 / WAS THIS THE 
v   '     END OF A 

SEGMENT? 

AQQ. I 
C EXIT J 

0*- 
YES 
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AT  (X1.Y1.Z1) 

(STAKf OF NEXT 
SEGMENT) 

Figure  III-2.    Program TUNNEL Flow Chart  (Cont.) 
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If (XCOOR, YCOOR) falls within the (I,J) grid (i.e., if 1 < ILOW < 

NX - 1 and 1 < JLOW < NY - 1), the processing is as follows 

1. The layer information for the four surrounding grid points is 

examined.  If ZZ is contained in the same layer at each point, 

that layer number is stored in LL, and the subroutine returns. 

2. Otherwise, interpolation is required.  To do this, the upper 

boundary of layer L in this grid square is assumed to coin- 

cide with the plane defined by the three points: 

•     ILOW. JtOM, Z(IL0Hi JL0WI u 

IHI, JLOW, Z(IHIj JL0Wj L) 

(XCOOR, JHI, ZC), where ZC is calculated by finding 

the equation of the line CZ-point form) in the (X,Z) 

plane connecting the points (iLOW, JHI, Z/TT_,  T T  J 
/ u (ILOW, JHI, L)/ 

and (IHI, JHI, Z/jgj JHI L)I, substituting XCOOR 

and solving for ZC. 

3. The subroutine, then, cycles through for each laysr L defined 

in the geology file, derives the equation of the plane (3- 

point form) defined by the above three points, substitutes 

XCOOR and YCOOR in this equation, and solves for Z.  This 

value Z is stored in ZHOLD(L), and represents Z, r        (XCOOR, YCOOR, L) 

4. When ZHOLD(L) has been calculated for all L, the routine finds 

the lowest ZHOLD(L) such that ZHOLD(L) > ZZ. This L is stored 

in LL as the layer containing (XX,YY,ZZ). 

Special cases exist if (XX,YY) falls outside the geology model grid. 

Here, each boundary grid line is assumed to define the area beyond it; 

e.g., the layer information for 1= NX is taken to be true for all I > NX. 

Hence, if the given point (XX,YY,ZZ) is N,S,E, or W of the grid, only 

two (1,J) grid points need be examined, and interpolation, when necessary 
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Is done In two dimensions.  For a point NE, NW, SE, or SW of grid, only 

one (I,J) gridpoint must be examined, and no Interpolation is required. 

3. Subroutine NEWPNT 

Given the end points of a straight-line segment, (X1,Y1,Z1) and 

(X2,Y2,Z2), subroutine NEWPNT determines the coordinates (XM,YM,ai) of 

the point on the line segment which is DL ft from (X1,Y1,Z1).  It is used 

by program TUNNEL to retrieve each successive point along the tunnel mid- 

line, at intervals of DELTA feet, which is to be tested for layer informa- 

tion. 

In the normal case, XI ?* X2, Yl ^ Y2, and Zl ?« Z2.  The derivation 

of the calculations performed when this is the situation is as follows: 

a.   The formula which is to be solved for (XM,YM,ZM) is that 

for the distance, DL, between the points (X1,Y1,Z1) and 

(XM,YM,ZM): 

^L J(XM - XI)2 + (YM - Yl)2 + (ZM - Zl)2 

1. 

1 
I 
1 
I 
I 
I 

b.   In order to reduce the problem in (a) to one unknown, YM and 

ZM are expressed as functions of XM using the 2-point form 

of the straight-line equation: 

YM . Y1 + 0^2 - Yl^XM - (Y2 - Y1)X1 
(X2 - XI)     (X2 - XI) 

7M - 7! + (Z2 - Z1)XM   (Z2 - Z1)X1 
Ln      Ly- (X2 - XI)  "  (X2 - XI) 

Substituting the expression for YM and ZM from (b) into 

the equation in (a) yields: 

DL2 - [XM - XI]2 1 + (Y2 - Yl)
2 + (Z2 - Zl)

2 

(X2 - XI)2  (X2 - XI)2 
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d.   This Is then solved for XM as follows: Let 

.  .   (Y2 - Yl)2 _, (Z2 - Zl)2 

A = 1 + —r + -s '—  , a constant. 
(X2 - XI)   (X2 - XI) 

a constant. Then 

A(XM)2 - 2A(X1)(XM) + A(X1)2 -- DL2 = 0 

I 
I 
I 
1 
1 

from (c). Let 

B = -2A(X1) and C = A(XI)2 -  DL2 

both constants. Then we have 1 

A(XM) + B(XM) + C = 0. 

XM can now be found by computing 

-B ± v^B - 4AC 

e. 

2A 

2 ? 
(Note that B - 4AC simplifies to 4A(DL) ) and selecting 

the root which is between XI and X2. 

Once the required XM is found, the corresponding YM and ZM 

can be determined by substituting the value for XM in the 

expressions of (b). 

I 

I 

0 
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Special cases exist if XI = X2, Yl = Y2, or Zl = Z2.  If only one 

of these conditions is true, then the same procedure is folloued  as in 

the normal case except that the problem is reduced to two dimensions. 

If two of the conditions exist, then the problem is one-dimensional, 

and the proper coordinate of (X1,Y1,Z1) is simply incremented (or de- 

cremented) by DL. 

4.   Subroutine RDGEOL 

Entry RDGEOL reads the entire GEOLOGY file and stores the informa- 

tion internally for retrieval during program execution. The variables 

stored as they are on the file are NX, NY, SCALEX, SCALEY, INDEX(25) , 

and PROP(6,25). Layer information is stored in ZSTOR(30,30,25), where 

ZSTOR(I,J,L) contains the depth in feet of layer L at grid point (I,J). 

A flag array, LFLAG(25), is set during reading such that LFLAG(L) - 1 

if the GEOLOGY file contains data for layer L; it is zero otherwise. 

Given II, JJ, and ZZ, where II and JJ are integers, entry FINDL 

examines ZSTOR(II,JJ,L) for all L to determine »hat geological layer (LL) 

contains ZZ.  It is used by subroutine GETLYR. 
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TI.   PROGRAM GENTNL 

A. PURPOSE 

Program GENTNL, using card input only, creates a TUNNEL file for 

input to the excavation model, thereby bypassing the geology model. 

Execution and information flow is shown schematically in Fig. TII-3. 

B. GENERAL TECHNIQUE 

The input cards are read, checked for ascending sequence by POSITION, 

and the values written to the TUNNEL file and to the printer. There are 

no practical restrictions to the number of cards or the number of PROPERTY 

combinations input. 

C. INPUT 

User data cards, containing the values which are to be written to 

the TUNNEL file, are the only input.  The card format is shown in Table 

III-2. Any number of cards may be submitted, but the last card must con- 

tain a negative number in the first word (POSITION) to indicate the end-of- 

input. Each card is considered to have 8 fields of 10 columns each; each 

number entered must contain a decimal point, but may appear anywhere 

within Its assigned 10 columns. 

D. OUTPUT 

1. A TUNNEL file for input to the excavation model. For a file 

description, see OUTPUT under program TUNNEL. 

2. A printed copy of the contents of the TUNNEL file. 

E. PROGRAM LOGIC 

The program is basically a card-to-tape-and-printer utility which 

includes a sequence check on the POSITION field. 
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Figure III-3. TblTOEL File Creation by Program GENTNL 
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EXCAVATION MODEL 
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F. H. Murphy 
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SUMMARY 

This appendix reviews the programming details of the excavation 

model and gives a short description of Its conceptual basis. The sub- 

routines simulating the tunneling activities are then described In detail, 

followed by a description of stops that need to be taken to Incorporate 

the routines described Into a control program which will coordinate the 

tunneling activities. Plnally» the control logic required to coordinate 

any simulation Is described, and the construction of a sample control 

program with Its associated input and output routines is discussed. 
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i.    NQTgg ON EXCAVATION MODEL DESIGN 

The tunneling model is designed as a time-step simulation program. 

Each step in the simulation is considered to occur between one well- 

defined time and state of existence and another.  The data required to 

so proceed is processed by subroutines that correspond to the various 

activities in the tunneling process being simulated.  The subroutines 

simulate the whole excavation process.  A control program must be provided 

by the user to coordinate the activities of the subroutines, initialize 

data, and print output reports. 

The concept of the simulation proceeding from one well-defined 

time and state to another is implemented through the use of "old" and 

"new" working parameter common areas (OLDCOM, NEWCOM).  During any given 

time step, the contents of OLDCOM describes the state of the tunneling 

system at the beginning of the time step; the NEWCOM contents describes 

the state of the tunneling system at the end of the current time step. 

Each subroutine receives its input information from OLDCOM and places 

its output information in NEWCOM.  Each subroutine, therefore, determines 

the state of the system at the beginning of the new time step according 

to information received at the beginning of the current time step. 

Figure 1V-1 illustrates the flow of information which is processed 

by any given subroutine.  Some of the information paths for some sub- 

routines may be absent, but no subroutine has any information path not 

depicted in Fig. IV-1.  It ia emphasized that all infcrmation transfer 

to and from subroutines is through common areas; the control program is 

not in any way involved in information transfer to and from subroutines. 

From time to time, as the tunnel advances, the control program trans- 

fers new geology information to the common area of an old working para- 

meter, but it never transfers information directly to or from a subroutine. 

Parameter information for the use of the subroutines is read by the 

control program and is placed in the common areas.  After cards are read 
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The time stepping and the approach creating two working common areas 

leads to a simplification of reality, forcing the simulation model to 

operate in a discontinuous fashion (in reality, some tunneling processes 

are continuous).  This is not considered to be a significant problem as 

long as the time steps are kept relatively short—perhaps about 1 to 10 

minutes. 

As the subroutines are executed, cost, availability, and utilization 

information is generated and cumulated.  This information is placed in 

common areas by the  abroutines involved.  These common areas are used to 

compute values for printing reports. 

IV-8 

I 
I 

in, each subroutine which has an initialization entry point Is called at 

that entry.  The subroutines contain default values for the various para- 

meters.  If no card input information has been provided for one or any 

of them, the model uses the default values.  This approach was taken in 

order to avoid the need to specify large numbers of parameters.  Parameter 

information for one execution of the model need contain specifications 

only for those subroutine parameters which are of interest. 

] 

i 
1 

I 

i 

i 

1 

1 
1 

I 

. 
,■< 



r 
i 
1 
1 

] 

- 

i 

i 
i 
i 

i 

i 
i 

II.   DESCRIPTION AND FLOW CHARTS OF SUBROUTINES IN EXCAVATION MODEL 

A.    INTRODUCTION 

The subroutine descriptions are grouped by the element of excavation 

and subgrouped by the type of tunneling they represent.  For example, the 

first group of subroutines (Sec. IV-B) covers rock fragmentation, each 

type of fragmentation (boring machine, water jet, etc.) being described 

separately.  Also discussed are the input and output routines written 

for the Layout Tunnel (see Vol. I of this report), which may be modified 

for use in other simulations.  Figure IV-2 is a chart of subroutines re- 

lated to the operations they simulate. 

The text of this section of Appendix IV is organized as follows: 

• A short description of the process being simulated. 

• A list of the common blocks that need to be included in any 

control program written to simulate an excavation using a 

given process.  Note that, in addition to the common blocks, 

any TYPE, EQUIVALENCE, and/or DATA statement involving a 

variable in the common blocks listed must be included in the 

model. 

• A list of input variables, principally a NAMELIST (and its 

variables). 

• A list of status variables through which the subroutines 

change the status of the process or of another process. 

Almost all of the status variables exist in two forms:  present 

and future.  They belong to the two common areas (of parameters) 

described in Sec. I of this appendix.  The future form is that 

shown in ; he descriptions of routines.  These variables are 

used to turn on and off the excavation in the sample control 

program.  However, they can also be used to turn off other 

processes or change subroutine calls, thus giving thr> user 

more flexibility in simulating the tunneling process. 
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Input variables and status variables are defined in Appendix VI, 

and should be studied in conjunction with the listings and definitions in 

Appendix VI. 

Several general statements that apply to the subroutines follow. 

1. All subroutines have a normal entry point, used when the rou- 

tine is called during the run foe each time step.  A few sub- 

routines have two normal entry points (e.g., SURGE), and these 

are called by other subroutines, not by the control program. 

2. Most subroutines also have an initialization entry point.  Un- 

less otherwise stated, the initialization entry should be called 

only once, at the start of the run immediately following the 

reading in of cards. 

3. As mentioned above, status variables have two forms.  The 

future form of the variable is usually the present form pre- 

ceded by an F or L.  For example, the status variable in 

CVMNT which indicates whether the loader is being maintained 

hap a present form MCV and a future form LMCV.  Each subroutine 

uses the present form to indicate the present status of the 

process described, and changes the future forxa as a result 

of computations.  The subroutine never changes the present 

form. At the beginning of each time step the control program 

sets the present status variables equal to the future variables 

and thus updates the status of processes.  For example, in 

the sample control program, LIEXCA is set equal to 1 in GRNSUP 

to indicate that ground support is falling too far behind the 

excavator and as a result the excavator must be turned off in 

the next cycle to allow ground support to catch up. At the 

start of the next cycle IEXCA (the present variable) is set 

equal to LIEXCA in the control program.  When the checks are 

made to determine the status (MBORE) of the boring machine, 

IEXCA is found to be 1 and MBORE is set equal to 7, indicating 

that the boring machine is idle. 

IV-11 



Input variables:  NAMELIST/BORE/ 

CL, CPC, DTA, DTC, DTCD, DTD, DTM, tCK, PBM, R, 

RC, RPM, TR, XCPC, EBOREQ, ETRANSL, DJMBMM, BOMEN, BOGST 

Status variables: MBM 

LNCUTR 
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B.    ELEMENT:  ROCK FRAGMENTATION 

1.    Type:  Boring Machine 

The set of subroutines BORE, GUTTER, and REPAIR simulate rock frag- 

mentation using a boring machine.  These routines are currently set up 

so that their status variables are not in the two parameter common areas 

(OLDCOM, NEWGOM) but are single variables which have only a present form. 

This could be changed by having the user insert another form in the routines 

and put the two forms in COMMON/OLDCOM/, COMMON/NEWGOM/. 

Common blocks:    COMMON/ALL/ 

COMMON/BORE/ 

COMMON/PERFRM/ 

COMMON/MONEY/ : 

MBORE "< 
.1 

BORE - Rock Fragmenting 

Operating time, plant and equipment costs, and labor costs for the 

boring machine for each time slice are computed and cumulated.  If the 

boring machine is operating it computes the distance traveled by the 

boring machine and the job material cost of operating the machine. 

1 
I 

CUTTER - Changing Cutters 

Cutter wear is computed if the boring machine is operating and 

cutters are not being replaced.  Cutter wear is checked and cutters are 

scheduled for replacement by setting LNCUTR = 1 if necessary.  If cutters 

are in the process of being replaced, then one time step (DT) is added 

I 

fl 

/ 



I 
I 
I 
1 

I 

1 
1 
1 
1 

\ 

\ 

I 
I 
I 
I 

to the time already spent In replacement.  If time spent in replacement 

is greater than or equal to the replacement time input by the user, then 

replacement of cutters is scheduled to end in the next cycle by setting 

LNCUTR = 0. 

REPAIR - Repairing Boring Machine 

The subroutine cumulates time until the user input time for scheduling 

maintenance is reached. At that point, maintenance is scheduled for the 

machine to start in the next time cycle by setting MBM ■ 1 and cost of 

the maintenance is computed.  If maintenance is in progress, then time 

is added to the user input maintenance leriod. When the user input main- 

tenance period has elapsed, maintenance is; scheduled to end in the next 

cycle by setting MBM = 0. 

2.   Type: Water Jet 

The set of subroutines JETBIP, JETMNT, and JETAGN simulate rock 

fragmentation using water Jet impact, continuous and intermittent pulses. 

Common blocks: 

Input parameters: 

Status variables 

COMMON/ALL/ 

COMMON/NJETS/ 

COMMON/PERFRM/ 

COMMON/MONEY/ 

C0MM0N/0LDC0M/ 

COMMON/NEWCCM/ 

NAMELIST/JETS/PNOZZ, DNOZZ, NJETS, MODEJ, 

PPM, PULSED, ETAJ, ETAIMP, ENSRGJ, DTCJET, 

DTMJET, DJMWJM, DTRJET, XRJET 

LMWJ 

LMWJR 

LMWJM 

FHEAVJ 

FQWATR 
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JETIMF - Jet Impact 

In a normal entry a check is made to determine if the water jet is 

operating (MWJ =0); if not the routine is exited.  If It is operating, 

the subroutine computes the amount of rock disintegrated, the amount of 

heat and water added to the tunnel by the jet, and the cost for one time 

step. 

JETMNT - Maintenance 

A normal entry checks first to find whether maintenance is in 

progress.  If not, then one time step is subtracted from the time left 

until the next maintenance period (time between maintenance periods input 

by user).  If the remaining time is then 0, and if repositioning is not 

being done (MWJR ^ 0), the jet is scheduled for maintenance in the next 

time step by setting LMWJM = 0 and set LMWJ = LMWJ + 1 to indicate jet 

not operating. 1 
If maintenance is in progress at entry to the routine, the time 

elapsed for maintenance is increased by one time step.  If the user impact 

time for maintenance (DTMJET) has been reached or exceeded, the jet is 

scheduled for removal from maintenance in the next time step by setting 

LMWJMC = 1 and subtracting 1 from LMWJ, and the cost is increased by the 

cost of a maintenance period. 

JETAGN - Repositioning in Progress 

The first check in a normal entry determines whether the jet is 

operating; if not, then if maintenance is in progress the routine is 

exited.  If maintenance is not in progress, if the jet is not operating, 

and if repositioning is being done, one time step is added to the elapsed 

repositioning time and a check is made for repositioning completed.  If 

it is completed, then its completion is scheduled for the next time step 

(LMWJR = 1 and LMWJ = LMWJ - 1). 

i 

i 

Ö 

If the Wcter jet is operating at normal entry to the routine, then 

the distance traveled by the jet since the last repositioning is checked. 
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If it is greater than the user input maximum allowed distance, reposition- 

ing is scheduled for the next cycle (LMWJR = 0, LMWJ = LMWJ +1). 

3.   Type:  Projectile Fragmentation 

The set of subroutines PROJTL, PRJBR, JETAGN, and JETMNT simulate 

rock fragmentation using projectile impact.  The routine to simulate 

repositioning of the guns is the same as for the water jet, as is the 

maintenance routine.  The initialization and normal entry points are 

different, however (PRJAGN and PRJPOS for the repositioning routine, PRJMNT 

and PRJRPR for the maintenance routine). 

Commor blocks:   COMMON/ALL/ 

COMMON/NJETS/ 

COMMON/PERFRM/ 

COMMON/MONEY/ 

COMMON/OLDCOM/ 

C0MM0N/NEWC0M/ 

Input parameters: NAMELIST/PELLET/DTCJET, DTMJET, ETAGN, ETAIPT, 

WPRJ, VELPRJ, VOLPRJ, NGUNS, CSTPRJ, PRJPM, 

CPBRL, TRBRL, BLT, XRJET, DJMWJM, DTRJET 

Status variables: LMPI 

LNBARL 

LMWJR 

FHEATJ 

PROJTL - Rock Fragmentation 

In a normal entry a check is made to determine if projectile guns 

are operating.  If yes, rock fragmented, advance of face, power costs, 

and heat generated are calculated for one time step.  Total job materials 

cost for rock fragmentation is incremented.  If no, the subroutine is 

exited. 
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PRJBR - Barrel Replacement 

In a normal entry a check is made for barrel replacement in progress; 

if it is not, time elapsed since replacement is increased by cne time step. 

Time elapsed against user input time between replacements is checked.  If 

it is time for replacement, repositioning of barrel in progress is checked. 

(MWJR =0).  If it is not, barrel replacement is scheduled for next time 

step (LNBARL = 0, LMP1 = LMP1 + 1). 

If on the first check in a normal entry barrel replacement is in 

progress, then time elapsed since barrel replacement began is incremented 

by one time step. A check is made for replacement completed.  If com- 

pleted, end of replacement is scheduled for next time step (LNBARL = 1, 

LMPI = LMPI - 1).  Job material cost (DJMRD) is incremented by cost of 

replacement. 

4-    Type:  Drill and Blast 

This set of four subroutines simulates rock fragmentation by drill- 

ing and blasting.  The four subroutines provided are: MOVEIN, M0VE0UT, 

HOLEBRN, SETCHG. A maintenance routine which can be patterned after the 

general maintenance routine XXXMNT shown in Appendix VI must be provided 

by the user.  Note that variables chosen for maintenance times and costs 

must be added to NAMELIST below and to COMMON/BLAST/. 

Common blocks: 

Input variables: 

COMMON/ALL/ 

COMMON/MONEY/ 

COMMON/PERFRM/ 

COMMON/BLAST/ 

COMMON/0LDC0M/ 

COMMON/NEWCOM/ 

NAMELIST/BLAST/PF, TYPEPF, TCHG, MEN, NH, CCAP 

WPL, CPL, CEX, CM, ND, LD, NHB, NDB, LDB, POD, 

ADH, SE, POB, LBIT, LSTEEL, LBURN, TIN, TOUT, 

CSTEEL, CBIT, CBURN, ADH, ADB 
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Status variables: LNDRLB 

LNCHRG 

LJUMOT 

LJUMIN 

LNDRIL 

HOLBRN - Drilling 

The subroutine simulates the drilliug of holes of a burn pattern 

with drifter drills and burn-cut drills.  In a normal entry one time 

step is subtracted from both time to drill holes with percussion drills 

and time to drill with burn-cut drills.  If the result for percussion 

drills is positive, then the result for burn drills is checked; if both 

are positive, then drilling is not finished and the subroutine is exited. 

If one or both of the results are negative, drilling for one or both is 

scheduled to end in the next cycle (LNDRIL = 1 and/or LNDRLB «= 1) and 

costs of drilling are calculated before the main program is resumed. 

Note; Initialization must be redone for each drilling period. 

Therefore, the control program must reset to ICYCLE = 1 

when drilling is to be done. 

i 
! 

SETCHG - Setting Charges 

The subroutine simulates setting the blast charge.  In a normal 

entry, one time step is subtracted from the time remaining to set a charge, 

If time still remains, the main program is executed.  If no time remains, 

the finish of setting charge for the next cycle is indicated (LNCHRG ■ 1). 

Job materials costs for setting charges are computed and a return main 

program is executed. 

1 
1 

Note: This routine, like HOLBRN, must be initialized for each 

drilling period. 
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MOVOUT - Moving Out Drilling Equipment 

This subroutine simulates moving out drilling equipment.  In a 

normal entry the time to move out is decreased by one time step. A 

check is made to determine whether moving out is completed.  If it is, 

then end of movii g is scheduled for the next time cycle by setting 

LJUMOT - 1. 

Note;  This routine must be reinitialized each time moving is 

done by setting ICYCLE = 1. 

MOVEIN - Moving Drills In 

This subroutine simulates moving drills in.  A normal entry first 

decreases moving time remaining by one time step.  Then, if no time re- 

mains, the end of moving is scheduled by setting LJIIMIN = 1. Also, the 

number of feet that the tunnel will be advanced (DX) and the volume of 

muck created (DV) for this drilling and blasting cycle is computed here. 

Note:  This routine must be reinitialized each time moving is 

done by setting ICYCLE = 1. 

C.   ELEMENT:  MATERIALS HANDLING (SHORT HAUL) 

Common Blocks:   COMMON/ALL/ 

COMMON/OLDCOM/ 

COMMON/NEWCOM/ 

COMMON/WHEELS/ 

COMMON/CONVEY/ 

COMMON/PERFRM/ 

COMMON/MONEY/ 
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i 1.   Type:  Integrated Conveyor Loader 

This set of subroutines simulates moving muck from the face area. 

It must be used with another set of subroutines for long haul (e.g., 

rails). Together the two sets simulate removal of the muck to the dis- 

charge area.  The integrated conveyor loader is simulated by two subrou- 

tines CVLOAD and CVMN1. 
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Input parameters: NAMELIST/LOADER/AB, VBI, SM, TCCV, TMCV, WMR, 

MLTYP, ECONEQ, ECONESS, JMCV, CVMEN, CVCST 

Status variables: LMCV 

LLOADR 

LMFLAC 

Note; Operating time for the total muck hauling (short haul and long 

ha''! .s computed in the long-haul subroutines. Long haul and 

short haal each compute down time. 

CVLQAD - Loading Muck 

One time step is added to labor time used for the loader, operating 

time for materials handling is updated, plant and equipment costs are 

updated for the time period advance.  If the loader was unable to handle 

all the muck on the last cycle, or no train was available for loading the 

excess muck remaining is computed, then the total muck to be moved is 

computed. The muck is then either loaded onto vehicles (MLTYP = 1), or 

carried away by a conveyor (MLTYP =2).  (A check is made to determine 

if the long-haul system will take it all.  If not LLOADR is set to 1 to 

indicate that it is overloaded.)  If rails or trucks are the long-haul 

system and none is available for loading, LLOADR is seL to 1. After 

loading the vehicle is sent to the discharge area if it is full. 

CVMNT - Maintenance 

One time step is added to the time elapsed since the last maintenai ;e 

period.  If the user input time between maintenance periods has been ex- 

ceeded, maintenance is scheduled for the next time step by setting LMCV = 1. 

If maintenance is in progress, then one time step is added to the 

time already accumulated for this maintenance period.  If the time accum- 

ulated is greate?   -»n or equal to the user input maintenance period, the 

loayer is schedu "' :o go back into operation in the next time step by 

setting LMCV = 0. 
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2.   Type: Machine Loaders and Shovels 

This set of subroutines simulates removing of muck from the face 

area and is interchangeable with the integrated conveyor loader set.  It 

is to be used with one of the sets of subroutines for long haul. Together 

they form the simulation of materials handling in the model.  It consists 

of three subroutines, MUKLOD, MUKIN, MUKOUT; and a fourth routine, CVMNT, 

is used for simulating maintenance.  (The same routine, CVMNT, is used by 

the integrated conveyor loader.)  Note that MUKIN and MUKOUT status 

variables must be set = 0 in the control program to initialize each move 

in and out, respectively, from the face. 

Common blocks:   COMMON/ALL/ 

COMMON/COMOLD/ 

COMMON/COMNEW/ 

COMMON/WHEELS/ 

COMMON/CONVEY/ 

COMMON/PERFRM/ 

COMMON/MONEY/ 

Input variables  NAMELIST/SHOVL/ 

STIME, QDMR, DTMO, 

DTMI, TMCV, TCCV, 

MLTYP, JMCV 

Status variables: LMKIN, LMUKOT, 

LLODR, FQL 

MUKIN - Moving In Shovels 

In a normal entry, the routine determines whether muckers are in 

the process of being moved to the face.  If not, nothing is done.  If 

they are being moved in then their moving time is decreased and a check 

is made to determine if the move has been completed.  If it has, LMKIN 

is set to 1 to indicate completion. 
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MUKOUT - Moving Out Shovels 

This routine handles the moving of muckers away from the face in 

exactly the same way MUKIN handles their moving to the face. 
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MUKLOD - Loading xMuck 

In a normal entry, the routine first determines whether a continuous 

main-line system (long-haul system is a conveyor belt) is being used.  If 

it is, then the mucking rate is computed and compared with the muck to be 

moved.  If the mucking rate is not adequate, LLODR = 0 is set to indicate 

mucking still in progress, load as much as possible.  If the mucking rate 

is adequate, muck is loaded.  If a unitized main-line system is being used 

instead of a continuous system, then a first check is made to determine 

if units (e.g., trains) are being switched.  If yes, the time used for 

switching has one time step added to it.  Time used for switching is com- 

pared with time needed to complete switching.  If still more time is needed, 

no loading is done.  If switching is finished and time is left, then the 

mucking rate is computed for time remaining.  The number of units per 

vehicle is checked (e.g., muck cars per train).  If there exists only one 

unit per vehicle, the full vehicle just switched with the empty one Is 

released. If there is more than one unit per vehicle, a check determines 

if all units are filled; if so, the vehicle Is released. Whether a ve- 

hicle is released or not, the computation for loading muck described below 

is done for whatever time remains. 

If no vehicles are being switched, the calculation of the mucking 

rate is made.  If it is adequate for the muck to be loaded, LLODR is set 

to 1 to indicate loading is complete. If unit is full after loading, 

switching time Is set (TIMEL) and the check for switching time is made as 

described above.  If the unit is rot filled, the routine is exited. 

D.   ELEMENT: MATERIALS HANDLING (LONG HAUL) 

1.   Type;  Rails 

The set of subroutines simulates a long-haul rail system to carry 

the muck to the discharge area. This set in conjunction with a set of 

short-haul subroutines from the materials handling element of tunneling. 

The routines in the set are RAILHL, CUBIC, ADDTRN(I), RAILDS, RAILEX, 

and RAILMT. 
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Common blocks!        C'()iv; JN'/ALL/ 
ClMM'JN/WrftKLS/ 
COMMON / 01.DCOM/ 
COMMON/NEWCOM, 
COMMON/MONEY/ 
COMMON'r,ERFRM/ 

Note:  The routine CUBIC Joes not need any common blocks. 

Tnput variables: NAMKLIST/RAI'JTS/ AE, AK, AMAX, AMAXL, AM.LNL, BSL, 
CARCAP, CP, OE, DF, DLAS, DTMA, DTU, NSWCIF, 
NGEÜ, NEXON, XDE, AB, VBI, SM, EL, FC, FR, FT, 
HPA, HPEV, iPEA, HPFA, HPFV, HPV, LOCO, MC, ML, 
NCARS, NPOINC, NTD, NTM, NTMAX, XP, NTMILP, NTMLPP, 
NTRACK, SL, TCURVX, TCURVY, TMAINT, TWE, VD, VE, 
VF, VS, VMAX, WC, WL, XÜX, MAXLD, NVEHCL, NUMSOT, 
SWITCH, ISTA, TPOS, TSPD, TMAIN, KSTOP, MLTYP, WMR, 
ELOCO, EMLT':'<C, ETRACK, ErWITC, EUNLOA, ERMAIN, 
JMMlfM, NUMLD, ISW, RAMEN, RAGST. 

General status variables: LLUHCL 
LNBYBY 
LNSWCH 
LIFTED 
LK11NL0 
LLSTOP 
LNTRADA 
LNVHCL 
LNMSWT 
NWfLD 

Status Variables for Each Train: 

FTSTAT (J, I), J    Jth Train/Truck I 

I 
1 = 1 Status (see below") 

= 2 Position, feet from discharge area 

= 3 Speed, mph 
n 

= 4 Days since last maintenance, days 

FTSTAT (J, 1) 

= 0 Train/truck is stopped, EMPTY   reason given 

= 1 Train/truck is stopped, FULL   hy JSTOP(J) 

= 2 Train/truck is excelerating, F. 



' 
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- 3 Train/truck is excelerating, F 

= A Train/truck is going at full speed, E 

= 5 Train/truck is going at full speed, F 

- 6 Train/truck ip decelerating, E 

- 7 Train/truck is decelerating, F 

- 8 Train/truck is in switch, E 

- 9 Train/truck is in switch, F 

■ 10 Train/truck is in discharge area 

- 11 Train/truck is in maintenance area 

I STOP 

- 0 Continue train/truck system 

■ 1 Shut down train/truck system 

- 2 Bring up train/truck system 

LKSTOP(J) 

■ 0 Not stopped 

= 1 At face, loading 

■ 2 In switch, train stopped ahead 

- 3 In switch, train approaching 

■ 4 External reasons 

- 5 In switch, waiting to enter discharge area 

- 6 In switch, waiting to enter load area 

- 101, 102 ... At face, in queue 

FUTIME(J) - Time to unload train J 

FTOP (J) - Cumulative operating time of train J 

FTFC(J) ■ Cumulative cost of train J 

Status variables for each switch K:   Kth switch 

FSWTCH(K) - Distance in feet of centroid of switch K from discharge 

area. 
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RAILHL - Handling Muck by Train 

The subroutine first adds DT to the labor time [or rails.  It also 

computes plant and equipment coz'..a  and down time for the rail sy.-tem. 

Then it sets into local varie ; s the (see Table IV-2 for status codes): 

Status of each train 

Position of each train 

Speed of each train 

Maintenance factor 

Reasons train stopped 

Cumulative cost for train 

Operating time of train 

(ITSTAT(J, 1)) 

(TSTAT(.I, 2)) 

(TSTAT(J, 3)) 

(TSTAT(J, i)) 

(KSTOP(J)) 

(TFC(J)) 

(TOP(J)) 

It then divides DT into smaller time cycles, and if the system is operating 

puts each train through the snaller time cycles until ÜT is reached, chang- 

ing the train's status as indicated by its status at the beginning of the 

cycle and what is happening to other trains.  For example, if train 1 is 

waiting to move toward the discharge area, and train 2 is moving back 

from unloading to loading area, train 2,s progress will be calculated and 

monitored by train 1.  When train 2 is back to the loading area then 

train 1 will be allowed to stört for the discharge area. 

i 

If the system must be brought up or shut down, this is done first 

and then each train is put through the small time cycles.  After all 

small time cycles are finished, the global status variables JSTAT (J, 1, 

etc.) are reset to the updated values of the local variables and the sub- 

routine is exited. 

CUBIC 

This routine is a function which finds the first real root of a 

cubic equation. 
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RAILDS - Unloading Muck at Discharge Area 

This subroutine accounts for unloading much from trains.  If unload- 

ing has been stopped (KUNLO = 1), the routine does nothing; otherwise, 

it determines whether any train is unloading.  If train J is unloading 

(ITSTAT(J, 1) = 10), the time remaining before it completes unloading is 

computed.  If it will be finished before the end of the current time cycle, 

train J is added back into the system (if system is 2 track) or (if system 

is 1 track) subroutine ADDTKN is called and adds the train back into the 

system if it is possible.  If the train has been added, the count of trains 

in the discharge area is reduced by 1.  After all trains have been dealt 

with, the number of trains left in the loading area at the next cycle is 

compared to the allowed number.  If the number is greater than allowed, 

the run is stopped.  If it is equal to the numbtt allowed, the discharge 

area is indicated filled for '-he next cycle by setting LIFILLD - 1.  If 

it is less than number allowed, the discharge area is indicated ready 

for a train by setting LIFILLD = 0. 

I 
RAILEX - Extend Track   

This routine handles extension of the track for the trains.  If 

rail extension is stopped (NEXON - 1), the routine does nothing.  Other- 

f wise, NSWTCH is checked to determine whether the switch is already being 

moved.  If not, the track extension needed is computed using either 

cyclic operations geometry (NGEO +  1) or continuous operations geometry 

(NGEO = 1) which has been input by the user.  If the computed advance of 

the track is not enough to allow the excavator to continue operating, 

then the excavator is turned off for the next cycle by setting LNBYBY = 1. 

Then there is a check to determine if a new switch needs to be added and/or 

the last switch needs to be pushed forward.  If either of these need to 

be done, computations described below are done. 

If at normal entry a switch was being moved or added, then time to 

move the switch and/or add a switch is decreased (computed if Just be- 

ginning move or a'4.d) and the completion is scheduled when finished.  In 
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pushing the last switch torward, it i- not marker as puslu d forward until 

after the tin.e to push it. is linished.  'i is pushed either a distance 

equal to the excavator's progress in the cycle (DX) or by a distance pre- 

set by the user (AMAXL - AMIM).  The latter distancp will be used unless 

AMAXL = AMINi..  if a svitch is to be added, a^.ain it is not indicated as 

having been added until the time to add it is over.  Then, the number of 

switches is rpdated and the position of the new switch is  put just behind 

the position of the moveable switch which is always closest to the face. 

Finally, a check is made to determine if a   train should te added 

to the system since the rails have been extended.  Distance from the 

portal in miles is computed and compared against user inputs which give 

NTMILP trains allowed before X? miles and NTMLPP trains allowed after XP 

miles.  If the number of trains in the system is already equal to the 

number allowed, no train is added,  otherwise, ADDTRN is called if the 

discharge area is not filled.  The new train, if ADDTRN allows it, is 

entered into the discharge area. 

RAILMT 

DT is added to the time since last maintenance TSTATd, 4) for each 

train T which is not unloading or already in maintenance.  If for any 

train I, TSTAT(I, 4) is greater than the user input time between mainte- 

nance, the train is put into maintenance (if maintemnce area is not 

full). 

Finally, the number of trains in maintenance, .^W, is compared to 

the us^r input maximum allowed trains.  If too many trains are in mainte- 

nance an erroi message is printed and the run is stopped. 
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If a train I is already in maintenance, then its time in maintenance 

Is decreased by DT.  If this time has reached 0, the train is returned 

to the discharge area from the maintenance area and cost of maintenance 

is computed. 
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2,   Type; Conveyor Belt 

A set of four routines: TRNPRT, EXTNSN, SURGE, and BELT, simulates 

hauling muck to the discharge area b}- the conveyor.  Each routine need be 

Initialized only once at the start of the run.  Initialization Is done 

by setting ICYCLE to 1 before calling each routine.  SURGE need never be 

Initialized. 

COMTiON/ALL/ 

COMMON/MONEY/ 

COMMON/PERFRM/ 

COMMON/NEWCOM/ 

COMMON/OllJCOM/ 

COMMON/CONVEY/ 

Common blocks; 

Input variables: 

Status variables; 

NAMELIST/BELTS/VBI, WP, AB, ACM, NGEO, SM, DTBS, 

QC, FL, XE, NSURGE, DWM, DTC, DTMB, EE, HP, ELM, 

SMIN, XLF, WBI, DMAINT 

LMCAPC 

LNSURG 

LMACON 

LNSPLC 

LNBYBY 

FQL 

FSM 

TRNPRT 

Subroutine simulates the long haul of muck by conveyor belt to the 

discharge area.  In a normal entry, loader capacity required for this 

time atep is calculated.  If this capacity WR is less than the available 

capacity WPCOMP, then muck is loaded and excess muck it» the surge bin is 

taken out and loaded onto a belt.  If WR is equal to WPCOMP, then muck 

is loaded.  If capacity WR > WPCOMP, then it is datermined if a surge 

bin has been provided.  If not, the excavator is scheduled to be stopped 

on the next cycle (LMCAPC -1).  If a surge bin exists, the excess is 

loaded into it; then the surge bin is checked for overload.  If it is 

overloaded, an excavation stop is scheduled on the next cycle (IWCAPC - 1). 
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Tn anv case horsepower u.-,e>l is determined and   ]:i^  naL' rial cost 

DJMMH is incremented.  Then the control program is e>3:uted. 

EXTNSN - Extension of Conveyor Belt and/or Struct are 

This routine simulates extension of the convjyo- belt (either ex- 

tension of the structure and/or extension by a belt splice).  In a normal 

entry, first a check is made to determine whether the extersion is shut 

down (NEXON =1).  If it is, then a return to tht- control program is 

executed.  If the extension is not shut down, a check determines if a 

structural extension is needed.  If yes, the extension Is carried out 

for whichever of the three geometries (NGEO = 1, 2, 3) (cyclic oi one of 

two continuous) is being used; if it will be completed at the emi of the 

time step, the end is scheduled by setting LNBYBY = 0 •, jtherwlse LNRYBY 

is set to 1.  Another check is made to determine if a belt splice is 

also needed, and LNSPLC set to 1 if it is needed.  Then the belt splice 

as described below is computed for the time remaining lr time step. 

If at normal entry a conveyor belt splice is going on, a check is 

made to determine If a surge bin has been provided.  11" a bin does not 

exist, the belt splice is simulated and the excavatoi i« turned off if 

the splice is not complete at end of the time step (LUSPLC = 1).  If a 

bin does exist, the excavator is turned off only if the surge bin 

becomes overloaded (LNSURG = 1). 

BELT - Maintenance 

This subroutine simulates maintenance of the conveyor belt.  In a 

normal entry a check is made to determine whether maintenance is in 

progress (MACON =1).  If no maintenance is in progress then a check is 

made for which criterion is being used for maintenance, time (DTCB) or 

volume of muck loaded (IWM).  For whichever criterion is being used a 

calculation is made to determine if maintenance is roqalred.  If mainte- 

nance is needed then it is scheduled for the next time :ycle by setting 

LMACON = 1 and the subroutine does calculations fcr maintenance.  If at 
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entry maintenance was In progress, or if the belt has been put into 

maintenance, one time step is subtracted from maintenance time left and 

a check made to detennine if maintenance is complete.  If so, it is 

scheduled to end in the next cycle (LMACON = 0) and the cost of mainte- 

nance is added to the Job materials costs DJMMH. 

SURGE 

This subroutine handled adding muck to and subtracting muck from the 

surge bin.  It is called by the other conveyor belt routines if a surge 

bin exists (NSURGE »1).  It has one entry point SURGE for adding to the 

bin and one for subtracting, SURGE 2.  When adding muck, a flag will be 

set to indicate overloading of the bin If this occurs (LNSURG = 1). 

3.    Type;  Trucks 

This set of routines simulates long haul of muck to the discharge 

area by trucks.  The routines in the set are TRUKHL, RAILEX, TRUKDS, 

TRUKMT.  TRUKHL is almost identical to RAILHL described in Sec. II-D-1 

(see Vol. I of this report for exceptions).  The routines TRUKEX, TRUKDS, 

and TRUKMT are actually the routines RAILEX and RAILDS described in Sec. 

II-D-1 with different entry points.  Subroutine TRUKHL is Identical to 

RAILHL with the exception of some coding to ensure that the truck stops 

before it hits the face.  This coding is identified in the listing by 

comment cards.  TRUKHL is the initialization entry point and lAUKTR is 

the normal entry point into the routine. 

Common blocks:        Identical to those for rails 

Input parameters:      NAMELIST/TRUCKS/parameters are identical to those 

for rails 

Status variables:      Identical to rails 

E.   ELEMENT:  GROUND SUPPORT 

1'        Type: Rock Bolts. Shotcrete, Steel Sets, and Combinations of These 

Unlike other elements which have a different set of routines for 

each type, all ground-support types are handled in one set of subroutines 

(GRNSUP, GSMAIN). Ground support frequently uses comllnations of support 
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types, making it more efficient to put all types in one set of subrou- 

tines.  The decisions about type of ground support to be used for each 

geology during the simulation are made with the aid of a primary ground- 

support table (stored in array PSST).  This table may be input by the 

user, or the default table (Table IV-1) will be used. Any primary ground- 

support table gives the major and minor support types and their spacing 

(or thickness) for different rock fragmentation methods (JMETH), and for 

ranges of rock densities (RDQ). For instructions on inputting the 

default table, see below. 

ommon blocks: 

Status variables: 

Input variables; 

COMMON/ALL 

COMMON/PERFW 

COMMON/MONEY/ 

COMMON/OLDCOM/ 

COMMON/NEWCOM/ 

COMMON/GRND/ 

LMGS(5) 

LIEXCA 

NAMELIST/GROUND/USC, UCSC, PATERB, RATESC, GSETDO 

RATESS, MAXPSS, ERBDRI, GDOW, ESCPLA, DJMGS, 

GMEN, GCST 

A set of cards must be input for the ground support if MAXPSS t  0 

in the set of cards described above.  In this case the user is indicating 

that he wishes to input his own primary ground-support table in preference 

to the default table (Table IV-1).  See INPUT routine written for the 

Layout Tunnel for an example of one method of reading in these cards. 

A sample set of cards is shown in Flg. IV-3.  The value of MAXPSS in the 

set of cards above should be equal to the number of these cards.  The 

columns on the cards correspond to the columns in Table IV-1. These data 

cards are the last set of input cards for the model, and cards should be 

ordered such that the ROD column is decreasing on successive cards.  The 

cards give the type of support that will be used for various ranges of 
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rock RQD and type of rock fragmentation.  Each card Lnput ,5:Lves a major 

and additional support type to be used for one rock excavation process, 

and any rock RQD greater than or equal to the one on the card but less 

than the one on the previous card. 

The codes for the rock excavation type to be put on the card are 

as follows: 

Rock Excavation Type      Code 

Boring machine 1 
Drill and blast 2 
Water jet 3 
Projectile 4 
To be used if actual 

type is not in table 5 

The codes for support types and additional support types are as 

follows: 

Support Type Code 

None 1 
Rock bolts 2 
Shotcrete 3 
Steel sets 4 
Lagging 5 

"I 

1 
The other parameters on each card are as follows: 

1.   Unsupported Length - Maximum Feet 

This is the maximum number of feet from the heading that 

ground support can be before the excavator must be turned 

off to allow ground support to catch up. fl 
2.   Interference Length - Feet 

Number of feet that must separate ground support and the 

heading. Ground support will not be allowed closer to the 

face. 

i! 
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3. Spacing - Feet 

This will be ^0 only If rock bolts or steel sets are being 

ufied as support or additional support. It   givet. the spacing 

between rock bolts or steel sets. 

4. Thickness - Inches 

This is the thickness of the shotcrete to be installed and 

is ^0 only if shotcrete is being used. 

5. Crown and/or Sides 

This is ^0 if shotcrete not being used or if only crown 

is to be covered.  If crown and sides are to be covered it 

Is «1. 

GRNSUP - Ground-Pupport Installation 

In a normal entry (ENTRY GROUN), ground supporc, using the rock 

density (RQD) and the rock fragmentation method, computes the ground- 

support parameters for this time step from the primary ground-support 

table (PS^T). Checks are made to determine the ground-support status 

and position with respect to the face of the tunnel. Labor time used is 

incremented. For each type of support being used the amount of material 

needed is computed. The cost and advance of ground support is calculated 

(either actual or lost due to idleness or maintenance). Finally, 

operating time and plant and equipment costs are incremented. 

a combination of types is being used.  If yes, then the time step is 

divided by 2.  Then for each of the five ground-support types it asks if 

the type is being used. It then asks if the type (in use or not) Is in 

maintenance. 
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GSMAIN - Ground-Support Maintenance 

A normal entry to this routine (ENTRY GSMNT) first determines if 
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If the type is in maintenance, the maintenance time remaining for 

the type is reduced by one time step and if no time remains it is marked 

to be removed from maintenance in the next time step. 

If the type is not in maintenance and not in use the next type is 

looked at. If it is not in maintenance and in use, then one time step 

is subtracted from the time remaining before maintenance. If the time 

remaining is £ 0, the ground-support type is marked to be put Into mainte- 

nance for the next time step. 

I 
F.   ELEMENT:  ENVIRONMENTAL CONTROL 

n 
' 1.   Type;  Ventilation, Cooling Plant, and Water Removal 

I One subroutine (ENVIR) simulates the environmental control. The 

environmental element Is assumed to need no maintenance and to always be 

operating. It is assumed also to not Interfere with other elements in 

the tunneling process and therefore has no status variables. 

Common blocks:        COMMON/ALL/ 

C0MM0N/PERFRM/ 

COMMON/MONEY/ 

COMMON/ENVC/ 

Input variables:      NAMELIST/ENVIRC/EVENTP, MAXMEN, TDTHP, QM, QD, 

VAMIN, VAMAX, TA, ID, WA, FKD, FKT, CPA, CKA, 

REFRAT, PR, AMC(IO), CAVMP 

ENVIR 

In a normal entry (ENTRY ENVIRC) labor time used, plant and 

equipment costs, and operating time are Incremented. Next the cost of 

pumping water is computed. Then the amount of heat added to the air from 

various sources is computed; then the velocity of air is checked if more 

cooling is needed. Finally, the amount of cooling and ventilation needed 

in this time step are calculated. Cost of cooling and ventilation are 

added to job materials costs for environmental control DJMEC. 
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After all "AMELISTs which were found on tape S have been read and 

printed out, the first record on the geology file is  read.  This is not 

necessarily the starting point in the tunnel for the model but merely 

starts the geology file.  (This file is described in Appendices II and 

Til.)  Then the cross section of the tunnel is computed and the local 

variables used to read in train status, position, speed, and maintenance 

times are set into a global array TSTAT(J, K) (equivalent to ITSTAT 

(J, K)).  From train status it is also determined which, if any train is 

available for loading.  Finally, if a primary grouna-support table is to 
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G.    INPUT ROUTINE 

This subroutine was written for the Layout Tunnei (see Vol. I). 

It is described here as a sample of possible way of iniLiaiizing data 

in the model.  It can easily be modified and used wirh any control pro- 

gram written to model other excavation systems.  The routine is called 

at the beginning of a run and will read in the input cards for the sub- 

routines and initialize the geology parameters by reading in the first 

geology record.  It has two entry points, INPUT AND INPUT 2. 

Common bloct.j;   All common blocks that the control progreir contains. 

ENTRY INPUT      Reads in cards and starts geology file. 

First cards are read and their images written onto tape (LOGICAL unit 5 

in present control program; see listing of INPUT in Appendix II), card 

images being printed out.  When an end-of-file is encountered, tape 5 is 

rewound. 

After the rock fragmentation and materials handling methods have 

been read in from the first card image, tape 5 is read by the various 

NAMELISTs.  Note that the card sequence of NAMELISTs nusr. be the same as 

the reading sequence because the READ statement will search through the 

NAMELIST images on tapes for the first one to be read and then search 

subsequent ones for the next, and so on.  Therefore if NAMEtlST BORE 

appears on the cards before GENERL, BCRE will never be read because in 

INPUT, BORE is read after GENERL. 

1 

fl 
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D 
be read In (MAXPSS ^ 0), It Is read from cards In fixed format (see listing 

of INPUT in Appendix VI). 

D 

ENTRY INPUT 2 

This routine is entered at this entry point after all subroutines 

included in the run have been Initialized. Variables which can be Initial- 

ized (those on NAMELISTs) are again printed.  Those that were undefined 

by the user will have been given default values by the individual routines. 

See Appendix VI for a sample printout of the routine. 

I 
I 

I 
D 
I 
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H.   OUTPUT ROUTINES 

These four routines, OUTPUT, REPORR, REPORC, and MAXADV, were 

written for the Layout Tunnel.  Two of the routines produce the interim 

reports using variables which are computed in the element subroutines. 

A third prints out the working storage common variables necessary for 

restarting the model at an intermediate point in the tunnel.  Finally, 

a fourth routine computes the advance each day and retains the maximum 

daily advance. These routines may be easily modified and used with 

another control program to produce output. The last three routines, 

REPORR, REPORC, and MAXADV, may be used without modification if the notes 

in Sec. Ill of this appendix are followed. 

Common blocks:    (for OUTPUT) All common blocks in control program 

(for REPORR, REPORC, MAXADV)  COMMON/ALL/ 

COMMON/MONEY 

COMMON/PERFRM/ 

COMMON/LABOR/ 

COMMON/TEST/ 

Input variables:  Contained in NAMELIST/GENERAL 

REPORT, DTPRNT 

OUTPUT 

This routine must be modified by the user if he is simulating 

tunneling with different methods than those in the sample program. 
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It is essentially a printout of selecteiJ variables in various common 

blocks which give the user a picture of the status of li!--j Lurmeling 

elements at intervals during a simulation and at the end if a run.  It 

should contain the variables needed to restart the model. 

At present it prints, besides general variables, status variables 

for the boring machine, integrated conveyor loader, rails, and ground 

support.  These are the processes being used in the sample tunnel, and the 

variables needed to restart the tunneling at any time or heading. 

HAXADV 

The advance per operating hour is computed for the past 24 hours 

elapsed time.  If it is greater than the maximum advance already saved, 

then It becomes the maximum advance and is retained as such. 

REPORR 

This routine prints out the interim performance reports giving 

cumulative time, advance, (since beginning of this run) and heading 

position, maximum daily advance values, (since beginning of run) and 

utilization and availability figures for each general process. 

REPORC 

Routine prints out cumulative costs since beginning of run.  Total 

costs and costs for each general process are printed out. 

i 

D 

!] 
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Subroutine BORE 

D 
G 
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I 

INITIALIZATION ENTRY NORMAL ENTRY 

<PRINT ERRORN 
MESSAGES• j 
STOP RUN   y 

SET PBM - AO. 
EXP (-19*0) 

INDICATE E TO BE 
COMPUTED EACH 

ENTRY  IESET -  1 

ICOMPUTE E -  1.8* 
EXP   (.08A*STR) 

ADD TO DOWN 
TIME  FOR ROCK 
DISINTEGRATION 

RDDTIME 

/RETURN 

5 
ADD TIME STEP 
(DT) TO TIME 
FOR USE OF 

LABOR RDTIME (1) 

ADD TO JOB 
MATERIAL COST 

PERIOD 

I 
COMPUTE ADVANCE 

(DX)   & AMOUNT 
OF MUCK 

TREATED  (DV) 

ADO TIME PERIOD 
TO ROCK DISIN- 
TEGRATION OPERA- 

ING TIME RDUT1ME 

INCREMENT PLANT 
& EQUIP.   COSTS 

FOR ROCK 
DISINTEGRATION 
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Subroutine CUTTER 

INITIALIZATION 
ENTRY 

SET KTM,  LIFE OF 
CUTTERS   (Cl,),  NOS. 

OF CUTTERS   (KK), 
CUTTER REPLACEMENT 

Z WEAR 
(RC) 

SET  RADIAL l.ncmON 
OK CUTTERS  (! ) . 
COST PER ClTlT  H'CPC) 
CUTTER BEAil!.\C. COST 

(XCPC)  TIME TO 
REPLACE   1  CUTTER 

(TR)  

<- 

ZERO OUT WEAR 
ON ALL CUTTKRS 

WEAR (100) 

NORMAL 
ENTRY 

ADD DT TO 
rm-; AL 

SI', 
CHANG 

■J:ADY 

SET NUMBER OF 
CUTTERS BEING 
CHANGED = 0 

COMPUTE CUTTER 
WEAR FOR EACH 
CUTTER DUE TO 

THIS CYCLE & ADD 
WEAR (100) 

COMPUTE TIME TO 
REPLACE, COST 
OF REPLACEMENT 
LNCUTR = 1 

LNCUTR-0 

LNCUTK = 2 

-=K 

.*■ 

I 

1 
i 

i 
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Subroutine REPAIR 

INITIALIZATION 
ENTRY 

NORMAL 
ENTRY 

SET TIME BETWEEN 
MAINTENANCE DTC, 
MAINTENANCE 

TIME DTM 

4- 

SET LOCAL 
VARIABLE FOR 
TIME BETWEEN 
MAINTENANCE 
TIME - DTC 

SET REPAIR 
FLAG OFF 
MBM - 0 

ADD DT 
TO MAINTENANCE 

TIME NOT 
COMPLETED 

SCHEDULE 
RETURN FROM 
MAINTENANCE 
MBM - 0 

RETURN U. 

StMfRAcT DT| 
PROM TINE 
IEMAININ6 
SINCE LAST 
MAINTENANCE 

SCHED. 
MAINT., 
MBM-1, 
COMPUTE 

COST 
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Subroutine JETIMP 
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Subroutine JETMNT 

INITIALIZATION ENTRY 
FOR WATER] ET 

INITIALIZATION ENTRY 
FOR PROJECTILE 

NORMAL ENTRY 
FOR PROJECTILE 

SET DTMJET - 2 

SET TEMP. MADrc 
VARIABLES TMNT, 

TIMBT        ' 
•    TURN OFF 
MAHTC.. FLAGS 

MAINTENANCE   >£ES_ 
vIN PROGRESS. 

SUBTRAa TIME 
STEP DT FROM 

TIME LEFT BEFORE 
MAINT. TIMBT 

SCHEDULE MAINT. 
LMWJM - 0 

LMHJ - LMWJ + 1 

YES 

NORMAL ENTRY 
FOR WATERJET 

IPRJ-1 

ADD TIME STEP 
(DO) TO MAINT. 
TIME ELAPSED 

TMNT 

SCHEDULEß JET 
OUT OF MAINT. 

LMWJM -  1 
LMWJ - LMWJ - 1 

INCREMENT COST 
DJMRD BY COST 

OF MAINT. 
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Subroutine JETAGN 

INITIALIZATION  ENTRY 
TOR WATERJET 

NORMAI   r.NTRY 
FOR WAT1HJET 

INITIALIZATION 
ENTRY   FOR 

PROJECTILE 

TURN  OFF 
REPOSITION 

RAG HUJR 

SET 

DTRJET -   .25 

YES 

NOKMAI. ENTRY 
FOR PROJiXTILE 

YES 

CALCULATE DIS- 
IANCE TRAVELED 
SINCE LAST 

KEPOSITIONED 
(DISTJ) 

ADD ONE TIME 
STEP   (OT)   TO 

ELAPSED REPO- 
ISITIONING TIME 

SCHEDULE  END 
OF REPOfJI- 

riONING LMWJR» 
I  LMWJ»LMHJ-1 

SCHEDULE  REPO- 
SITIONING LMKJ= 

LMWJ  +   1 
LMWJR - 0 

I 

"i 

1 

"1 

0 

I 

"i 

D 
0 
fl 

IV-44 

""■■IIIIIIM '"-"«'— 



I 
! 

Subroutine PROJTL 

: 

i 

i 
i 
i 

INITIALIZATION 
ENTRY 

SET ETAGN - .3 

f-MITTINC 
NERGY TO ROCK 

EFFICIENCY READIN, 
^ETAIPT^O 

YES 

SET ETAIPT -  .2 

NO 

IV-45 

NORHAL 
ENTRY 

MMPOTB ROCK 
FRAGMENTED PER 

PROJECTILE 

I 
COMPUTE FACTORS 

USED FOR 
COMPUTATIONS 

I 
ZERO OUT LOCAL 
VARIABLES TO EC 
COMPUTED IN TIME 

STEP, FDV. FDX 

^^^-^ERAT INg^-^^ 

^YES 

COMPUTE ROCK 
FRAGMENTED 
FDV, FDX 

I 
COMPUTE POWER 
COSTS (PCST) 
PROJECTILE 
COSTS f?J^ST^ 

T 
INCREMENT JOB 

MATERIALS COSTS 
FOR RD(X 

DISINTEGRATION 
DJMRD 

I 
COMPUTE HEAT 

GENERATED FHEAIP 

J 



Subroutine PRJBR 

INITIALIZATION 
ENTRY 

<- 

CALCULATE TIME 
TO REPLACE ALL 

BARRELS TT 

TURN BARREL 
REPLACEMENT FLAG 
OFF NBAHL ■ 1 

LCULATE  COST 
OF REPLACING 

ALL BARRELS 
CFACT 

YES 

NORMAL 
ENTRY 

BARREL ^JES 
iEING REPLACE! 

INCREMENT TIME 
BETWEEN REPLACE- 
MENTS (OPT IM) 
BY TIME STEP 

(DT) 

SCHEDULE BARREL 
REPLACEMENT 
LNBARL - 0 

LMPI - LMPI + 1 

INCREMENT TIME 
FOR REPLACEMENT 
TBR - TBR + DT 

SCHEDULE END OF 
REPLACEMENT 
LNBARL - 1 

REDUCE REASONS 

INCREMENT JOB 
MATERIALS COST 

DJMRD 

ZERO OUT 
REPLACEMENT 

DIME TBR, & TIME 
8ETWEEN REPLACE- 

MENTS OPT IM 

1 

i 

Ö 

1 

I 

i 

I 
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Subroutine MOVEIN 

NORMAL ENTRY 

i 

I 
I 
I 
1 
0 
I 
1 
I 
I 
I 

SET TIN - .25, 
SET TEMPORARY 

VARIABLE TT - TIN 

COMPUTE DX, DV 
USING PRIMARY 

GROUND SUPPORT 
TABLE (PSST) I 

DECREASE TT BY 
ONE TIME STEP 

SCHEDULE COMPLEBDN 
FOR NEXT CYCLE 

UUMIN - 1 
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Subroutine MOVOUT ! 

NORMAL ENTRY 

SET TOUT = .25 
SET TEMPORARY 

VARIABLE T = 
TOUT 

DECREASE TIME 
FOR MOVING TT BY 

ONE TIME 
 S1£E  

SCHEDULE MOV RIG 
COMPLETE NEXT 

CYCLE 
 T-TITMOT = 1  

Q 

1 

1 

1 
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Subroutine  HOLBRN 
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1 
H<;H   O QW 
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HO 
15MSM 
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Subroutine  SETCHG 
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Subroutine CVLOAD 
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Subroutine CVMNT 

NO 

sr;r DEFAULT 
VALUES   FOR PARA' 
y-LiERL", GD'i'C, 
Grm4   .^-. T 

<- 

YES 

ADD DT TO 
ELAPSED TIME 
SINCE LAST 
MAINTENANCE 

SCHEDULE 
MAINTENANCE 

FOR NEXT CYCLE 
LMMNT = 1 

IV-5 2 

ADD DT TO 
ELAPSED 
MAINTE- 
NANCE 
TIME 

NO 

SCHEDULE 
LOADER OUT 
OF MAINT. 
NEXT CYCLE 
LMMNT " 0 

1 

1 
j 

I 

1 

I 
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Subroutine MUKLOD 

; 0 

I 

I 
i: 

I 
I 
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Subroutine MUKIN 

INITIALIZA~I0S 
ENTRY 

SET TIME TO MOVE 
MUCKERS IN TO 
DEFAULT IF NOT 

INPUT 
DTMI 

SET LOCAL 
VARIABLE 

TIMIN = DTMI 

YES 

NORMAL 
ENTRY 

i.EDUCE TIME TO 
MOVE MUCKERS IN 
TIMIN BY TIME 

STEP DT 

YES 

INDICATE  MUCKERS 
MOVED  IN   BY 

SETTING LMK[N=1 
RESET TIME TO 

MOVE  MUCKERS  TO 
DTMI   FOR 
 NEXT  MOVE  

RETURN 

IV-54 

1 
1 
1 

1 

fl 

1 
fl 

D 
0 



I 
I 

[ 

I. 

n 

li 
E 
I 
I 
I 
1 
I 

Subroutine MUKOUT 

INITIALIZATION 
ENTRY 

NORMAL 
ENTRY 

IV-55 



Subroutine RAILHL 

INITIALIZATION ENTRY 

ENTRY 
RAILH1 

^COCOMOTIVIN. 
r    DIESEL  "> 

YES 
SET DEFAULT 
VALUES FOR 

CP AND FC 

NO 

SET DEFAULT 
VALUES FOR POWER 
COST CP & FUEL 
CONSUMPTION FC 

» U  f 

/ELOCITIES 
READ IN VE, 

VF>0 

NO 

YES. 
COliPUTE 

PERFORMANCE 
FACTORS 

COMPUTE 
VELOCITIES AND 

PERFORMANCE 
FACTORS  FOR TRAIN 

«- 

COMPUTE  LOCAL 
VARIABLES 

USED IN 
ROUTINE 

COMPUTE 
CAPACITY  OF 

TRAINS  QUC,  WUC 

IV-56 

MOR11AL ENTRY 

CO>:PUTE NO.  OF 

ITERATIdfS TO BE 
MADE  IN TIME 

STEP 

COMPUTE DOWN 
TIME,  UPTIME, 

UMHTIME,  DMHTIKE 

INCREMENT LABOR 
TIME USED 
HTIME(l) 

COMPUTE PLANT 
£• EQUIPMENT 

COSTS 

RETRIEVE 
VARIABLES 
FROM LAST 

TIME CYCLE 

0 
D 

'1 
1 

i 

n 

i 

u 
! 



Subroutine RAILHL  (cont.) 

C RAILTR 1J 1  )   START 

LLTR/JJ =  U 

LRETRN =  0 

1 
I 
I 
I 

I 

I 
I 
I 
I 

uooj 
o caamflflMu 

DO 420 J = 1, NTRAIN 

WO TRAIN J IS 
<fST0p (j ) X. ALREADY STOPPED 

-OITRAIN J IS NOT 
STOPPED 

ISTATEU.l)^"10'   11 

(8P  ^S.   =2   (BRING UP) ^—^ 

^                             u        & 
(CONTINUE)           DO 470 J - 1,  NTRAIN ] 

500 

->■ 

<I3TAI£ (J 
^ 

> f 
EVEN 

ISTATE(J,l)-7 
< i 

ISTATE(j,l)-6 

! ' \ -J 

TRAIN J   IN 
DISCHARGE AREA 
OR IN MAINT 
AREA 

JST0P(J)  - 0 

-ANY 
.n ^ \. OTHER 

ISTATE(J,1. 

ISTATE(J,l)-2 

JtNTRAIN 

J>NTRAIN 

IV-5 7 

ISTATE(J.1)°3 

ATOVI^NTRAIN^ 

J>NTRAIN 

I STOP =■ 0 

I 



Subroutine RAILHL  (cont.) 

1 
] 

f EAILTR        2 J 

IV-58 

1 (l.l.MHNC,   AT   I'ACi:) 

2 (IN  SWITCH,  TRAIN 
AI1E iD) 

5141 

3  (IN  SWITCH,  TRAIN 
ATPROACHING)  

=4  (EXTERNAL REASON') 

*© 
■*z 
->{lOOOl 

5 (IN  SWITCH,   WAITING* 
TO ENTER DISCUAKgE 
Ai:i:A; 

6 (IN  SWITCH,  WAITING 
TO  INTJ-.R 10 .D /.i:i:A)/6oo) 

>100   (U   I£)AD QUEUK)   /^^^ 

1   (LOADING,   AT  FA 

2 (IN SWITCH, TRAIN 
AHI:AO)  

3 (IN SWITCH, TRAIN 
APPROACHi::m 

■:>   (K/TF.r.N.g  RKASON) ^^ 

IN SWITCH, WAITING ^^^ 
TO h.-riER DISCHAKGF, ^/STM 

AREA)      "~ "v^ 

KB 
6   (IN  SWITQl,   WAITING 

TO  KNTER LOAD ARFIA) 

CAN'T  HAPPtN 

fl 

B 
1 

0 
"i 

0 
i 
i 
p 

X 



0 Subroutine RAILHL   (cont.) 

(^RAll.'lK     I3A) ISTATEd.l)  -0) TWIN  IS STOl'PKP,   I.'Il'TY. 

JSTOl'(I) "  1 J A.   FACli,   LOADING. 

i 

I 
i 

! 

11 
1 
1 
1 

[514 )     (SUBROUTINE CVLOAB ACCHUKTS 
FOR '1H£ LOADiNU 1 RüCUSS) 

I.UkAtJ =  I 

(^kAILTR      ^B J ISTATCd.l)   -0) 
__ ,- JSTOP(I) - 6 ) 

TRAIN IS STOPPED,  EMPTY. 
WAITING TO  EWER LOAD AW.A. 

(SEE   ir.TATKO ,1)   ■  3) 

I 
I 
1 

IV-59 



Subroutine RAILHL  (cont.) 

(RAILTR         4) ISTATE(I.I)  =  0) 
 1 '           JSTOP(I) =  2 f 

I   K ^ Kir. 

TRAIN  IS STOPITUi,   EMPTY, 
A.NOTHER TRAIN  STOPPKB AHEAD. 

t 0 

TPOS=SWPOS  - HLH-S 
ISTATE(I,1)   =  2 
KTE^a,(I) = 0 
JSTOP(I\      = n 

! 

I 

! 

D 
D 

(RAILTR ttAJ ISTATE(1,1) = 0 I   TRAIN IS STOPPED, EMPTY. 
JSTOP(I)   = 3 f   ANOTHER TRAIN APPROACHING. 

K = KTEMP(I) 

X =  SWPOS - HLFLS 

LRETRN   -  1 

636)    (SEE  ISTATE(I,1)   ■ 6) 

e 
B 

1 

i 

17-60 H 
n 
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I 
\ 

1 Subroutine RAILHL  (cont.) 

I 

I 
I 

I 

! 

(RATLTR      5)      I8TA1'E(1,1) ■ ll    TRAIN is siorin-D, 
^ ' '        JSTOP(l) ■=2)      ANOIHER TKMN  SIOP 

iVIX. 
PEM Alll Ab. 

662   )   (SEE   ISlATliU.l)  ■  7) 

(RAILTR        5Aj      I ST ATE (1,1)   -  11 
 ' JSTOP(I) -  3) 

TRAIN  IS STOPPED,   FUU.. 
ANOTHER TRAIN APPROAailNG. 

I 
1 

I 

K - KTEh?(I) 
X - SWPOS + HLFLS 

6511    (SEE   ISTAlKd.l)   -    7) 

I 
! IV-61 



Subroutine RAILHL (cont.) 

(RAILTR   6 J ISTATE(I,1) 
JSTCP(I) :\] 

TRAIN IS STOPPED, FULL. 
WAITING IN DISCHARGE AREA. 

1 
1 

LRETKN = 5 

662)  (SEE ISTATE(I,1) = 7) 

1 

B 
1 

i 
i 

n 
IV-62 
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r 
o 
! 

I 

1 

I 

0 

I 

I 

I 

I 

Subroutine RAILHL (cont.) 

r RAILTR   7 J    ISTATE(I,1) » 2 ~ TRAIN IS EMPTY AND ACCELERATING 

(SEE ISTATE - 3) 

COMPUTE TRACTIVE FORCE, 
ACCELERATION, POSITION, 
AND SPEED OF TRAIN I 

© 
TSPD>VE \2ES_ 

558 

ISTATEd.l)  - A 
TSPD - VE 

/^ICHECK^^ 
^IF TRAIN IS     ^ ̂ YES 
iPPROACHING SWITCH 
^•v^.J-l, lüMSWT^- 

> f 

NO 

t 

ISTATE(I.l)  - 6 
ISW(I)  - J 

> 

\ 

ISW(I)  - 0 

\ f ^ 

I IV-6 3 



Subroutine R/.ILHL   (cont.) 

ISTATF,(1,1)   -  3 — TRAIN   IS  FUIX AND 
ACCELERATING. 

YES   (ÜSE HPA) 
IOPTN = 1> —>*  B_ 

COMPUTE TKACTIVE FORCE, 
ACCELERATIO:;,  POSITION AND 
 SPEED OF TRAIN  I 

COMPUTE AF 

¥  2 

© 
55l)(SEE  ISTATE - 2) 

YES   (DOUBLE-TRACK) 

ISTATE(1,1) 
=5 

TSPD •=  VF 

ISW(l)   - 0 

CALCULATE POINT OF 

DECELERATION B 

(NO NEED 
TO SLOW 
DOWN YET) 

NO (SINGLE-TRACK) 

CALCULATE POINT OF DECELERA- 
TION B' FOR EACH SWITCH 

BETWEEN TRAIN & DISCHARGE AREA 

YES 

ISTATE(I,1) - 7 
ISW(I) - 100 

NO (SLOW DOWN TO 
ENTER DISCHARGE AREA) 

NOTE 1: (NO NEED TO SLOW 
DOWN FOR SWITCH 

 ^TPOS>B,\    YET, OR NO SWITCH 
(SEE NOTE 1)\      /     BETWEEN TRAIN AND 

DISCHARGE AREA) , 
NO (SLOW DOWN TO 

ENTF.K SWITCH J) 

ISTAXE(I,1)  -  7 
ISW(I)  - J 

cz> 4- t 
TRAIN 
TRAVEL 

DISCHARGE 
AREA 

B       TPOS TX 

IV-64 

I 
D 

i 

i 

fl 
P 
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[ 

r 
r 
i 

Subroutine RAILHL  (cont.) 

(RAILTR        9)      IS1ATK(I,])   = A — TRAIN  IS GOING FUU SPKEl»,   t.Vl'TY 

I 

! 

I 

I 

I 

I 

CALCULATE TPOS 

AND POWER USED 

e 55A) (SEE ISTATE  (1,1)  « 2) 

MiAILTR ICj     ISTATE(I,1)  - 5  ~ TRAIN  IS GOING FULL SPEED,   HILL 

CALCULATE TPOS 

AND POWER USED 

I 

[574 )(SEE ISTATE  (1,1)   -  3) 

I 
I 

IV-65 



Subroutine RAILHL  (cont.) 

3 

IV-66 

i 
! 

B 
i 

i 
0 

I 
0 

1 

I 

R 



I 

I 

i 
I 

li 

I 

i 

I 

1 

I 
I 
I 
1 

Subroutine RAILHL  (Cont.) 
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Subroutine RAILHL  (cont.) 0 

RKlVn. L'iJ Cd,3;    - 8 -- ti'MV lii SWIV/i,   C3"i 1 

0/0 

 __Y „.. 
UWVXI. POSITION U»' 

T!.;Ä1N i 'X'Sr FOR I'OW'KH 
1.. 1:1.- l* A'l 

STtU IN 
swncH 

_V 1 
TST//'i,(I)r.   «   2 

IfiW(I)  -  d 

I 

CKAILTR       U)   ;KIATI.(J,1) - 0 - TRAI:: m »«ITOl, PBU 

3 
UPDATE POSITION OF 

TkAlt!  i COST  FOR P0K8R 
USE2 IN AT 

PAST SWITCH 

ST1IX  IW 
SWITCH 

I ST ATE (I.D  •  3 
ISW(l)   ■ 0 

UgsV 3 

1 
1 
1 
"i 
1 
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r 
r Subroutine RAILHL (cont.) 

TRAILTR        15J END OF LOOP 

I 

I 

I 
\ 

\ 

ACCUMULATE COST 

ACCUMUUTE TIME IN 

OPESATION 

€> 

<3 

MORE TRAINS 

NO MORE 

<D (SEE RAILTR-2) 

NITER 

>0 
MORE SUB DT 
WITHIN INPUT 
DT 

© (SEE RAILTR-1) 
NO MORE 

( 
EXIT 3 

IV-6 9 
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Subroutine ADDTRN 

UJ Ü 
Pi '.', *~i P^ 

r/ ^-t Vu u < g H 
U SB Ss l-H 

Ul n '.« 
od 3 t- VJ 
o ul ^4 -^. IT' Q H 

0 
i 

I 

0 

IV-70 
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r 
i 

r 

l 
I 

i 

Subroutine RAILDS 
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Subroutine RAILEX 

< 
O t..J 

B       M <r« 
q < (..    : ■ 
o<y ;-..■ 
►J      On-' 

I 

IV-72 

1 

I 

"i 

! 

! 

0 
I 
i 

! 

! 

I 

Ö 

i 

/ 



1 

i 

(1 

I 
I 
1 

I 

I 
I 
I 
1 

Subroutine RAILMT 
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Subroutine TRNPRT 

/-s P. 
^.   .H cr 

«        tj 
H         *< 
^ tv. 
U O     til 

w ?; o u 
B2Sd 
&Ögg 
O WO H 
U uo U ul 

w 
3 

H U in 
Q > 
w u n 

" w ra >< 
Id m H n 
i», > Q M 
M         M O   CU 

»2 ci     Oj 
IJ UJ H "i 
H 'J -J 'J 
Ed fit M 
Q c^ cq ^ 

; k 

i r-    IB 

SUSBWUO 3p     u 
on    12a a. 
•-.UJQ r-.ui3 
^i-< Sh ssisi 

w W ui 
(.3 ^ o 
« M M 
O j-1 ^J 
V) l-J 

Q 
J« KJ 

g ?; g 
u ca 

^   ' 

ra- 

<ca<<: 

-^rr 
o 

IU « H 
um u i/-j 

HH OS 
!J ^ i>| 

r_^' 
■< M 

OO-O U H 0a 1:1 

.„u u 

? 

H 

a o s |8i 

t 
,U    1 U u os 
^H  tfi  U   U-- 
« M 3 a. 
uj o o 3: 
S S A 

I 

I 

I 

0 

IV-74 1 



] 

Subroutine EXTNSN 

I 

! 

I 

I 
;!»sa 

I 
[ 

1 ss 

HH-JCHC 

B 
i » 

la 

IB 
> 

| 
M       * 
H  -I 
U]  ui  [-• 

82 

g >* 
*< 

8' 

A 
i 

DP. A -OUJ 

A ISIS, 
\  / 

g 
UJ   :x  - ? 

SDiKl 

So 

IV-7 5 
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Subroutine SURGE 

ENTRY TO ADD MUCK 
TO SURGE BIN 

ADD MUCK QE 
TO BIN 

LNSURG = 0 

-WRETURN) 

ENTRY TO SUBTRACT 
MUCK FROM BIN 

SUBTRACT MUCK 
QE FROM BIN 

INDICATE 
BIN EMPTY 
SET Q = 0 

SCHEDULE 
OVERLOAD 
NEXT CYCLE 
LNSURG = 1 

-JRETURN) 

I 

0 
i 
i 

I 
I 

D 
D 

i 

1 

IV-76 fl 
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7 

I Subroutine BELT 

i 

I 

I 

I 
I 
I 
I 

KSS"gH 

M MB 
HOWH < 

Mil 
QM^J     HXU2 

IV-77 
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Subroutine GRNSUP 

H  O 
•S.   < 

M M H       t/1 

J Ul J X W BJ-^ 
.-] H H (^ ^J '-^ 

H |9D    »   «       HC) 
ui •< i-i &. o y i; 
Ln ^-^ <J u^ H ?: ii 

H R 
i     t/1 oä h 

O CJ ür- E c/ 
o    "C- 

O t-j ■.■.xl Ui t- 

K a; ^ —' CK 

ft 
Pi O        <rH 

H      M U4      to 
,J c=i i-J<: II 
U) O '-0 >• <'-l 
■<      ul Ctf ^     H 
U. U ^1 «^ OHtf) 
W V. f. ■- MMta 
O M ^ W HC-i 

U U U4 MCU 
H < >-< U Oft.H 
W ft. X W Q3W 
to on H '^ < to to 

* 

-Pgo sill 
H w -^ 
«C t/i t/3 OC 
►40 H W 
P-. u ^i a 

o 
H H M W 
•S, X.       H 
M W ^ H 
W ft. o u 
3 i-i oä H 
US      o 
P: C/P. x 
M W H W 

t 
H O 
f. ?-, 

ig HS 
o w H m 
as g      u 
MO 

> 5 

i 
H      tn 

H w ■« o 
P: o      2 
M ft. tn ft. 

fr; a; u, to 
u o     q 
^ o. r-^ <-> 
IH ft. o 

a M 
W H 

■n- -'S 

w s« KÖ  ^ 
H P p OUH 
O h ri 

ft. u-n 
ft|H E>a 

»J -j .-. 
O < ai to   ■ r/l 
u 5 i-i o 

»H OS     .;. 

S O IJC 

I 
Q Hu.     ft» 
H wH     O 
OOP. ;-.i; 
< uo a;-< 

w >oi-' ft.^ 
K    pi ci.e^ 
1-1 t J < UJ U) 
r; t-ift. trjft. 
KZ       o a <:« n. 
(-< > o w 
Q <^^ to 

T 

1 

i 
i 
i 

1 

0 

I 

0 

IV-7 8 
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? 
E 

Subroutine GSMAIN 

F 
I 
[ 

1 
! 

I 
I 

INITIALIZATION ENTRY N0B1AL  ENTRY 

I 
I 

[ 
I 
I 
I 

SET MAINTENANCE 
TIMES TO DEFAULT 

VALUES 

YES 

SET TEMPORARY 
TIME STEP,   DTT 

DT/2 

1  =  2 I 
SET PARAMETERS 
FOR SUPPORT TYPE 
I  INTO TEMPORARY 
 VARIABLES 

SUPPORT TYP_ 
. ( DOWN MOJ 

YES 

NO 

REMCE: MAINT.— 
TIME REMAINING, 
DOWN,  ^ TIME 

INCREMENT TIME 
SINCE LAST 
MAINT. GSM 

SCHEDULE MAINT. 
FOR TYPE   I  FOR 
NEXT  CYCLE LMG=] 

l! 

SCHEDULE  RETURN 
TO SERVICE  FOR 
SUPPORT TYPE  I 
MGS(1)=0  COMPUTE 
COST OF MAINT. 

I + 1 

YES I>4 NO 
SET SUPPORT PAR- 
AMETERS - TEMP. 

VARIABLES 

IV-7 9 



Subroutine ENVIR 

INITIALIZATION K.NTkV NO RIAL ENTRY 

INITIALIZE ALL 
VARIABLES IN 
N.VitLIST «01 

READ IN 

CALCULATE AIR 
VOLU.iK KATES 
REQUIRED USING 
VALUES OF NAI-IE- 
L1ST VARIABLES 

CALCULATE DESIGN 
REQUIREMENT AIR 

VOLUME 
RATE 

rPRlNT ERROR 
MESSAGE 
.STOP RUN 

YES 

-WffiTURN*- 

INCRE.;ENT COSTS DJMEC I 
BY  COST OF PUMPING WATERj 

I 
INCREMENT PLANT & 

EQUIP. COSTS RD PLANT, 
OP. TIME ECUTIME, LABOR 
USED TUIE ECTIME(l) 

CALCULATE REYNOLDS NO. 
REYNO DERIVE NUSSELT NO 
RiNUSS «.HEiffTRANSrER COEF. 

CALCULATE HEAT ADDED 
TO AIR (,  THEN TEMP. AT 

TUNNEL FACE TDF 

TAVEL - 
TAVEL + 100 

CALCULATE REFRIGERATION 
LOAD & COST 0? 
REFRIGERATION 

i 
CALCUIATE VENT DUCT VU:> 
CITYVT'UCT,   FRICTRKICSS 
HTUN, VQH: WCt tSIMESES. DTCI 

I 
CALCULATE  FRICTION LOSS 

OF AIR IN VENT  HDUCT 

CALCULA1F  AIR,   FAN  HP, 
PAIR.   PIAN  &  COST 

DURING DT  DJMEC 

1 

1 

1 
1 

f] 

fl 

i 
IV-80 
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r Subroutine INPUT 

[ 

0 

I 
I 
1 
I 

i 

[ 

I 
1 
I 

ENTRY TO  READ IN 
INPUT  PARAMETERS 

READ CARDS, 
WRITE IMAGES TO 

TAPE, PRINT 
IMAGES 

READ IN 
NAMELISTS & 

PRINT EACH SET 
OF PARAMETERS 

INITIALIZE 
GEOLOGY 
FILE 40 

PUT INPUT 
VARIABLES FOR 
TRAINS INTO 

ARRAYS 

READ IN 
PRIMARY GROUND 
SUPPORT TABLE 
IF DESIRED 

SET INITIAL 
VALUES XO, 
TO, NTINIT 

ENTRY TO PRINT 
PARAMETERS 

PRINT OUT 
NAMELISTS OF 

INPUT PARAMETERS 
AFTER INITIALI- 

ZATION BY 
 SURROI1TTNF.R  

(RETURN j 

IV-81 



Subroutine OUTPUT 

i 

NORMAL 
ENTRY 

SET GENERAL 
VARIABLES AND 

FLAGS INTO LOCAL 
ARRAY (VALUE) 

I'RINT LOCAL ARRAY 

PIUN'T  CUTTER  WEAR 

WEAK  (100) 

FUR  EACil  TRAIN 
I'RINT  OUT   STAtOS 
POSITION  SI1 LEU, 

MAINTENANCE TIME 
TSTAT  (25,^1) 

FOR EACH SWITCH 
PRINT OUT 
POSITION 

SWITCH (20) 

0 
i 

0 

1 

0 

1 
I 

i 

i 

IV-82 
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I 
1 
I 

r 

r 

i: 

i 

i 
i 
i 

Subroutine REPORR 

INITIALIZATION 
ENTRY 

NORMAL 
ENTRY 

PRINT TIME, 
HEADING,  ADVANCE 

IAND MAXIMUM DAILY 
ADVANCE VALUES 

FOR EACH GENERAL 
PROCESS  COMPUTE 

AVAILABILITY 
(OPTIM)  AND 

UTILIZATION  (USETIK 

FOR EACH GENERAL 
PROCESS PRINT 
OPTIM USETIM 

IV-83 
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Subroutine REPORC 

I 

INITIALIZATION 
ENTRY 

SET OPPCT .20 

YES 

REPORT  ■ 4 

•<- 

ZERO OUT LABOR 
TIME USED FOR 
EACH TYPE FOR 
EACH  ELEMENT 

ZERO OUT   LOCAL 
/ARIABLES  PRIOR TO 
RECOMPUTATION   FOR 

THIS   RHPOOT  

T 
SET LOCAL  ARRAY 

ELEMENT   (4, 6) EQU,\L 
TO PLANT &  EQUIP. 

&  JOB MATERIAL 
COST;  COMPUTED 
IN SUBROUTTIiES 
FOR  EACH   G:..N'ERAL 

PROCESS 

COMPUTE  LAIiOR 
COSTS   &   STOKE   IN 

LOCAL  ARRAY 
ELEMENT   (4,6)  USING 
LABOR TIKE  COMPUTED 
IN  GENERAL  PROCESS 

ROUTIMHS,   LABOR 
COSTS  &  KOS.   READ 

UN AT  START  OF  RUN 

SUM SUBTOTALS 
TOTAL   (6)   AND 

COMPUTE  OVERHEAD 
JSDiG USER IIJUT OPPCT 

COMPUTE COST  PER FT 
(ACFOOT)   COST   PER 
CUBIC  YD   (ACYARD) 

PRINT 
INTERIM  REPORT 

1 

i 

'1 

fl 

IV-84 

i 

M 



Subroutine MAXADV 

INITIALIZATION 
ENTRY 

NORMAL 
ENTRY 

I 
f 
I 

1 
! 

i 

1 

I 
I 
I 
I 
I 
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1 

1 
i 

1 

III.  NOTES ON INCORPORATING SUBROUTINES INTO A CONTROL PROGRAM 

In writing a control program to incorporate any routines described 

in Sec. II which are not now in the sample control program, several things 

must be kept in mind. 

A. Status variables which exist in a new and old form must be 

placed in NEWCOM and OLDCOM. 

B. Common blocks which are needed but not at present in the 

routines' decks must be put into the decks. Also any common 

block in any routine must be put into the control program. 

C. The NAMELIST which is to read in the input variables for the 

routines must be put into INPUT if the INPUT routine is going 

to be used to initialize.  Both the definition of the 

NAMELIST and the calls to read it, write it on tape, and 

print it must be in INPUT. 

D. OUTPUT must be changed to print the common variables associa- 

ted with the processes being simulated. 

E. Job material costs computations are already in the routine 

sets.  However, computations for labor costs, plant and equip- 

ment costs, and utilization values are not in the suoroutines. 

Procedure to add these three is as follows: 

1.   Labor costs - add the following to the NAMELIST 

which is associated with routine set: 

a. Number of men needed in each of 1 to 10 

labor categories 

b. Hourly cost of one man in each category 

The variables representing these parameters are " 

dependent on the element the set simulates: ». 

Rock Fragmentation 

a.   BOMEN(IO)  b.   BOCST(IO) 

IV-86 
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] 

Materials Handling (Short Haul) 

a.   RAMEN(IO)  b.   RACST(IO) 

!" 

( 

I, 
I 

1 

I 

I 

I 

I 
I 

Ground Support 

a.   GMEN(IO)   b.   GCST(IO) 

Environmental Control 

a.   VCMEN(IO)  b.   VCCST(IO) 

Next, In one routine of the set accumulate labor 

time used for each time cycle by one of the 

following statements depending again upon the 

element being simulated by the routine set. 

a. Rock disintegration 

RDTIME - RDTIME + DT 

b. Materials handling (short haul) 

HTIME(2) - HTIME(2) + DT 

c. Materials handling (long haul) 

HTIME(l) - HTIME(l) + DT 

d. Ground support 

GSTIME - GSTIME + DT 

e. Environmental control 

ECTIME - ECTIME + DT 

These may be bypassed by checking status variables 

as desired, so labor costs are not always Incre- 

mented. The computation of cumulative labor costs 

Is then done In the report routines. 

2.   Plant and equipment costs - first add to the 

routine set's NAMELIST and common block, variables 

for costs for plant various types of plant and 

equipment. Each cost should be either hourly cost 

or cost per foot. 
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, , ,,,    Shift time - down time 
Availability shift Time 

Operating time 
Utilization - K

shift Jime 

! 

Next add a statement to one routine In the set 

which computes the cost for either a time step 

(DT) or for a foot advance (DX) and cumulates 

the cost In one of the following variables 

depending on the element being simulated: 

a. Rock disintegration 

RDPLAN 

b. Materials handling (long or short haul) 

HPLANT 

c. Ground support 

GSPLAN 

d. Environmental control 

ECPLAN - j 

Again, as with labor costs, the computing of 

cost in any time step can be bypassed by a check n 

of status variables. 

3.   Utilization times: 

To determine utilization values, it is necessary 

to compute operating time and down time. Then 

knowing shift time, the utilization of each ele- 

ment can be computed in the report subroutines 

according to the formulas: 

w 
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Operating time and down time must be cumulated 

In each time cycle.  Status variables should be 

used to determine which, if either, should be 

added to in each time cycle.  The cumulating is 

done in routines of the set for each process being 

simulated.  The variables used for cumulating the 

time are: 

! 

! 

I 
i 
I 
! 

I 
I 

Operating Time 

Rock Fragmentation RDUTIM 

Materials Handling 
UMHTIM 

(long & short haul) 

Ground Support     GSUTIM 

Environmental     ECUTIM 
Control 

Down Time 

KDDTIM 

DMHTIM 

GSDTIM 

ECDTIM 

NOTE: Since there are two sets of routines for materials 

handling, care must be taken in computing the operating time 

for materials handling as a whole to avoid double counting. 

I 
I IV-89 



For each time step in the simulation, a check is first made as to 

whether the tunnel has progressed to the point where new geology informa- 

tion is needed.  If this is the case, new geology information is read into 

common overlaying the old information. 

Each subroutine is called for its normal entry point.  Note that 

subroutines for one element (e.g., rock disintegration) may be order- 

dependent and should be ordered as they are listed in Fig. IV-A. The order 

in which the elements are called does not matter. 

After all routines have been called, the resulting information in 

the new working parameter common area is then copied into the old working 

parameter common area. Also, heading position and time are updated. The 
* 

control program then interrogates the flags in the old-working-parameter 

common area and determines the status of the rock disintegration process 

in the next cycle.  This is done in the control program for flexibility. 

Previously called status variables. 

I 

IV.   GENERAL REQUIREMENTS FOR THE CONTROL PROGRAM LOGIC 

Figure IV-4 represents the logic for a control program to coordinate 

the tunneling processes simulated by the subroutines. That figure and 

this discussion are given to assist a user in writing a control program 

and not necessarily to be rigidly adhered to. 

! The first step in the operation of the control program is to read 

the input parameters into common areas and read the first geology param- 

eters.  The control program then calls each subroutine which has an 

initialization entry (see the flow charts) for initialization of param- 

eters not read in, and initializes the old working parameter common 

(OLDCOM) area so it portrays the proper initial state for start of 

processing. 0 

:i 

i 

fi 
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Figure IV-4. Overall Logic of a Control Program 
for the Tunneling Model 
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The rock disintegration process is the lead process; it determines the 

heading advance and the muck created. Other elements follow it automa- 

tically, given its progress.  The rock fragmentation process, however, 

must be informed through flags set by the other elements what state it 

should be in (with the exception of its own maintenance).  Looking at 

these flags in the control program gives the user more flexibility in 

determining how the excavator reacts to other elements. 

The control program also handles the queuing of the long-haul 

materials-handling element if it requires queuing. The queuing is handled 

here to retain the order independence of the elements. 

The control program's next step is to determine whether output 

reports are desired at this point and to call routines to produce them. 

Note that these reports can be spaced in any desired manner with respect 

to time, length along the tunnel, or whatever. There is no restriction 

as to how reports are generated. 

After output report checking is performed, a check is made to deter- 

mine if the model should be ended; this would usually be equivalent to 

asking if the time or Jistance limits input have been exceeded.  If this 

is the case, the simulation is ended with a printout of working common 

variables needed to restart 'ehe  model at the heading position reached. 

If the simulation is not Co be ended, another time step is started by 

checking to determine if new geology parameters are needed. 

The tunneling activities which a.re being coordinated by the control 

program are, as previously stated, embodied in subroutines; one or more 
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of these routines made up a process such as boring machine rock fragmen- 

tation. In any simulation one and only one process for each of the 

following tunneling elements should be included: 

1. Rock fragmentation 

2. Materials handling (long haul) 

3. Materials handling (short haul) 

4. Ground support 

5. Environmental control 

Descriptions of the sets of routines representing the processes available 

for each element are given In Sec. II. 

The user should use the preceding discussion of the control program 

as a guide In writing his own program. The control program written for 

the Layout Tunnel which actually consists of several subroutines and a 

control program is described in the next section and should be studied 

for further Information on writing a control program. 

| 
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I: 
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V. CREATING A CONTROL PROGRAM FOR THE LAYOUT TUNNEL 

As mentioned in Sec. I, the various tunneling activities are simu- 

lated by modular subroutines. The simulation of an entire excavation 

project can therefore be made by using a building-block technique. 

Ideally, the program that analyzes a given project would consist of all 

the subroutines that are pertinent to the simulation and a driver (main) 

program that ties them together. The subroutines are ideally independent 

of each other in function and in logic, so that they are not order-depen- 

dent in their usage by the main program. This section is concerned with 

the construction of a control program and secondary input and output 

routines to initialize data and report results, and discussion will be 

restricted to a sample control program that simulates the excavation of 

the Strawberry Aqueduct Layout Tunnel. 

A.    SUBROUTINES 

The tunneling subroutines needed for the Layout Tunnel simulation 

are as follows: 

Element and General 
 Process  

Rock fragmentation, 
boring machine 

Materials handling, 
conventional rail 
system 

Ground support 

Environmental 
control 

Activity 

Bore 
Cutter change 
Maintenance 

Train logistics 
Track laying 
Discharge 
Train maintenance 
Loading 
Loader maintenance 

Rock bolts, etc. 
Equipment maintenance 

Ventilation and 
cooling 

Subroutine Entry 
Initialization/Normal 

BORE/BORER 
CUTTER/CUTCHG 
REPAIR/MAINT 

RAILHL/RAILTR 
RAILEX/RAILXT 
RAILDS/RAILDS 
RAILMT/RAILMT 
CVLOAD/LOADCV 
CVMNT/CVRPR 

GRNSUP/GROUN 
GSMAIN/GSMNT 

ENVIR/ENVIRC 

I 
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B. SUBROUTINE USAGE 

After proper Initialization of data (see Sec. V-D below), each 

excavation subroutine is called once for each time station T. The time 

stations are equally spaced at DT, which is input. Each subroutine cal- 

culates the progress made in the time DT and sets a flag indicating the 

status of the progress. For example, CUTTER calculates the Incremental 

cutter wear for the time DT and the cumulative cutter wear up to time T. 

If one or more cutters have exceeded the maximum-wear criterion (an Input), 

a flag LNCUTR is set to 1.  Otherwise, LNCUTR is set to 0.  The boring 

machine is then turned on or off depending on whether LNCUTR la zero or 

nonzero. As another example, CVLOAD simulates the muck loading activity. 

The volume of muck created in DT depends on the hardness of the rock and 

the boring machine operating characteristics. At the end of DT, the 

muck is assumed loaded onto the trains via the loader. If the train is 

full, it is sent on its way to  the discharge area, and another train 

(if one is available in the load queue) is moved into the loading area. 

A flag LOADR is set to 0 in this rase. If, however, there is no train 

available for loading, LOADR is set to 1 which Indicates that the boring 

machine should be turned off until a train becomes available for loading. 

A control program that simulates the excavation process as a whole must 

Interrogate all the flags (see Table IV-2) set by all the subroutines 

and then decide on what status the boring machine should have. 

C. CONTROL LOHC 

The essential features of the control logic for the sample control 

program are shown schematically in Flg. IV-5. Note that the rock fragmen- 

tation activity BORE/BORER is controlled by the flag MBORE. In genera'., 

the boring machine is turned off any time any of the support actlvitieB 

cannot keep up with the rate of advance of the boring machine or if an;/ 
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TABLE IV-2 

DEFINITION OF FLAGS SET IN EXCAVATION MODEL 

SUBROUTINE 

BORE 

CUTTER 

REPAIR 

ASSMBL 

DISASM 

FLAG 

MBORE 

LNCUTR 

MBM 

MASSEM 

MDISAS 

OPTIONS 

= 0  normal operation - boring machine going 

full speed 

= 1 boring maci.lne In maintenance 

= 2 boring machine cutters being changed 

= 3 mil extension rate exceeded 

= 4 new switch being added 

= 5 switch being moved up 

=6 no train available for loading 

= 7 ground support construction rate exceeded 

= 8 loader in maintenance 

= 0  normal operation—no cutter change needed 

= 1  cutter change started 

■ 2  cutter change still in progress 

= 0  normal operation—no maintenance needed on 

boring machine 

= 1  boring machine due for maintenance 

= 0  normal operation—boring machine assembly 

completed 

= 1  boring machine assembly in progress 

= 0  normal operation—boring machine disassembly 

completed 

= 1  boring machine disassembly in progress 
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SUBROUTINE 

1 RAILTR 

1 
1 

RAILDS 

1 CVLOAD 

1 
CVMNT 

! 

1 
CVMNT 

TABLE IV-2 (cont.) 

DEFINITION OF FLAGS SET IN EXCAVATION MODEL 

FLAG OPTIONS 

LSTOP    - 0 normal operation—continue system 

- 1 shut down system—external reasons 

■ 2 bring up system—external reasons 

IFILD    ■ 0 normal operation 

- 1 discharge area filled 

LOADR    " 0 normal operation 

- 1 no train available for loading 

LMCV     ■ 0 normal operation 

- 1 loader maintenance in progress 

IMFLAC   " 0 normal operation 

- 1 loader turned off for external reasons 

! 

I 
1 
I 
I 
I 

GRNSUP 

RAILEX 

RAILEX 

CVLOAD 

IEXCA    - 0 normal operation 
- 1 ground support construction rate exceeded 

NBYBY    ■ 0 normal operation 

• 1 rail extension rate exceeded 

NSWCH    - 0 normal operation 

■ 1 new switch to be added 

- 2 switch to be pushed forward 

IEXCAV   ■ 0 norma1. operation 

- 1 borli g machine turned off, loader in maintenance 
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TABLE IV-2 (cont.) 

DEFINITION OF FLAGS SET IN EXCAVATION MODEL 

SUBROUTINES RAILTR, RAILDS, RAILEX 

i 

I 

"1 
B 

LTSTAT = 0 

= 1 

= 2 

= 3 

= 4 

= 5 

= 6 

= 7 

= 8 

= 9 

= 10 

= 11 

LKSTOP = 0 

= 1 

= 2 

= 3 

= 4 

• 5 

= 6 

= 101 

= 102 

= n 

LLVHCL = 0 

= n 

stopped, empty 

stopped, full 

accelerating, empty 

accelerating, full 

going full speed, empty 

going full speed, full 

decelerating, empty 

decelerating, full 

in switch, empty 

in switch, full 

in discharge area 

in maintenance area 

not stopped 

at face, being loaded 

in switch, train ahead 

in switch, train approaching 

external reasons 

in switch, waiting to enter discharge area 

in switch, waiting to enter load queue 

in load queue, 1st in line 

in load queue, 2nd in line 

in load queue, (n-100)th in lim> 

no train in load area 

train #n is in load area 

0 

0 

1 
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EXECUTE INPUT AND 
TUNNELING SUBROUTINES 
FOR INITIALIZATION 
 CALL INPUT 2  I 
INITIALIZE THE OLD 
WORKING COMMON AREA  ismm  

YES <READ IN NEW 
Gm^P^gETERS 

7" 
is) 

EXECUTE TUNNELING 
SUBROUTINES 

SEQjJENTIALLY  

I 
COPY NEW WORKING 

COMMON AREA (COMNEW) 
INTO OLD WORKING 

COMMON ARE^ (CQMOLD) 1 
ADVANCE HEADING (X) 

AND TIME (T) 

I 
I USE COMOLD PARAMETERS 
I TO DETERMINE STATUS OF 
WORING MACHINE FWt NEXT 
CYCLE & TO HH9üE^iELCaC.H*ÜL 

^TKRTAir HANfrlJ\r. TFNFFTy.nl 

CALL ROUTINES 
FOR OUTPUT 

REPORTS 

1  

Figure IV-5. Logic of the Control Program for 
the Layout Tunnel 
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of the equipment becomes unavailable because of maintenance requirements. 

Note also that the boring activity is not resumed unless all of the sup- 

port activities have caught up with the rock fragmentation process. In 

other words, boring is the pivotal activity that is affected by all the 

other activities.  The flag MBORE is therefore set according to the table 

shown below. 

MBORE CONDITION 

0 normal operation:  boring machine is going full speed 

1 no advance:  boring machine is in general maintenance 

2 no advance:  boring machine cutters are being replaced 

3 shut-down boring machine:  rail extension rate has been 

exceeded 

4 shut-down boring machine:  a new switch is being added 

5 shut-down boring machine:  switch needs to be moved up 

6 shut-down boring machine:  there is no train available 

for muck loading 

7 shut-down boring machine: ground support activity has 

fallen behind 

8 shut-down boring machine: muck loader is in maintenance 

One of the tasks required of the control program is to make certain 

that the boring machine is not turned on unless the flags from all the 

subroutines indicate that boring activity should be turned on.  This 

means a series of tests must be made of thu flags from all the subroutines 

and that the boring machine flag MBORE must be set and reset in accordance 

with these flags. 
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Another task required of the control program is to move the trains 

up in the load queue when it is time to do so. The reason that this task 

is given to the control program is that several conditions have to be 

satisfied before a train can be moved up. First of all, the train that 

is currently being loaded must be full. This is tested in subroutine 

CVLOAD.  Then the rail extension activity must be able to keep up with 

the boring activity.  This is tested in subroutine RAILEX. Then the 

installation of a new switch must be complete if one is needed before a 

train can move up the load queue. This is also tested in subroutine 

RAILEX. 

A third task required of the control program is to insure that 

RAILTR is called before any of the other rail subroutines which include 

CVLOAD and RAILEX.  The reason for this requirement is that RAILTR is the 

subroutine that controls the dynamics of the trains.  Since the speed 

of the trains is on the average several orders of magnitude greater than 

the rate of pxcavation, a time interval DT compatible with the excavation 

activity would be too great for the rail activity. Therefore, RAILTR 

divides the time interval DT into many subintervals such that no train 

would have mc/ed more than 50 feet In any one subinterval. The position 

and the speed of the trains can thus be simulated more realistically. 

But since different trains would be doing different things at different 

subintervals, the only way to keep the logic tractable is to update the 

status of all the trains at the end of DT: i.e., the status flags of 

all the trains are reset at the end of DT. Now if another rail subroutine 

is called before RAILTR and if that subroutine resets the flag of one 

of the trains, that result would be nullified by RAILTR. 

A last task of the control program is to produce reports by calling 

output routines written for the Layout Tunnel (REPORC, REPORS, and OUTPUT) 

at intervals specified by the user, and to call MAXADV once each day to 

determine the daily advance (see Sec. V-E below). 
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D.    INITIALIZATION OF DATA 

The initialization of data for the simulation is handled by the 

control program and a subroutine INPUT written to accompany the control 

program.  Figure IV-6 shows the initialization sequence. 

Two types of data need to be initialized: 

1.   Geology parameters which give the geology characteristics 

along the tunnel. These parameters are on a tape (logical 

unit 40; see listings in Appendix II).  See Appendixes II 

and III for a description of the creation of this tape.  The 

routine INPUT reads the first parameters from the tape.  Then 

After INPUT has read in all parameter cards, the control program 

calls each general process subroutine by its initialization entry.  In 

each routine parameters for the general process will be compared to 0; 

if found equal to 0, they are then given a default value.  Parameters 

not dealt with in this way will have a default value of 0 if not read in. 

INPUT then prints out a list of all parameters with the value read in or 

the default value. 

i 

the control program tests at the start of each time interval 

to determine if a new set of parameters is needed. When one 

is needed the control program reads a new set. 

2.   Parameters for each general process and a set of parameters 

which apply to all processes, such as initial reading, initial 

time, and time step length.  These parameters are read in at 

the start of each run by INPUT. The FORTRAN SÄMELISf data 

reader capability is used by INPUT for reading in the cards. 

A special provision is made for reading in a primary ground 

support table (described In Sec. II-E above). This table is 

read in on cards in fixed format (9F8.2; see listing in 

Appendix II) if the user wishes to input his own table. 
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CONTROL PROGRAM 
CALLS  INPUT 

CONTROL PROGRAM 
CALLS EACH SUBRCU 

TINE TO  INITIALIZE 
PARAMETERS AND 

SET DEFAULT VALUES 

T" 
i 

CONTROL PROGRAM 
CALLS 

INPUT 2 

INITIALIZE PRESENT 
STATUS VARIABLES . 
(OLDCOM) FOR FffiSr*-) 

TIME CYCLE 

PRINT OUT PARA- 
METERS FOR EACH 
GENERAL PROCESS 

Figure IV-6.  Initialization Sequence for Layout Tunnel 
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Finally, the control program initializes the worVln-? common area 

(OLDCOM) for the first time step. 

as follows: 

Subsystem availability - (shift time - down time)/shift time 

Subsystem utilization = operating time/shift time 

Shift time ■ 24 hours in Layout Tunnel. Can be input by user 

(TSHFT) 
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E.   OUTPUT 

The output for the Layout Tunnel is of two kinds:  (1) a printout 

of common variables, and (2) interim cost and performance reports.  It 

is handled by subroutines which are called by the control program. 

1. OUTPUT - prints out common variables from the various subrou- 

tines and from OLDCOM. These parameters show the status of 

the different general processes at an instant in time. A 

sample of this printout is shown in Fig. IV-7. The routine 

is called by the control program at time intervals (DTPRNT) 

input by the user. It is also called at the end of a run to 

print out variables to be used for restarting the model at 

that point. 

2. MAXADV - The routine computes each day's advance and saves 

values for the maximum advance. 

3. REPORR - rints cumulative performance figures for each 

element (subsystem). The performance figures are computed 
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Down CLPP and operating time are computed in subroutines for each general 

process and cumulated in the following variables: 

Element - Subroutine 

Rock disintegration (BORE) 

Materials handling (CVMNT, RATLHL) 

Ground support (GRNSUP, GSMAIN) 

Environmental control (ENVIR) 

The status variables in Table IV-2 are used to determine in each time 

step whether the element is operating, down, or neither (idle) for the 

time interval (DT) in the following manner: 

Element 

Bor Lng machine 

Operating Tinu 1   Down TLre 

RDUTIM RDDTIM 

UMHTTM DM1ITTM 

GSUTIM GSDTIM 

ECUTIM ECDTIM 

Materials handling 
mils, conveyor 
loader 

Ground support 

Down 
Action 
Taken Operating 

Action 
Taken 

MBORE > 0 

and MBORE £ 3 

RDDTTM = 
RDDTIM + DT 

MBORE »  0 RDUTIM = 
RDUTIM + DT 

NUMLD = 0 or 
MCV = 1 

DMHTIM = 
DMHTIM + DT 

NUMLD |« 0 
& MCV = 0 

UMHTIM = 
UMHTIM + DT 

MGS(I) = 1 
where I is 
support type 
using 

GSDTIM = 
GSDTIM + DT 

MGS(I) = 0   GSUTIM = 
and ground  GSUTIM + DT 
support can 
proceed 
(not too 
close to face) 

Never Always ECUTIM = 
ECUTIM + DT 

Environmental 
control 

See Sec. Ill of this appendix for further information on handling avail- 

ability and utilization values for simulation. In Fig. TV-8 a sample of 

this report is shown. 
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4.   REPORC - prints out cumulative cost values.  The cost values 

are computed for each general process in one of its subrou- 

tines (see Sec. Ill above for a description of variables used). 

They are cumulated in parameters in COMMON/MONEY/. Totals and 

overhead costi are recalculated each time REPORD is called. 

See Fig. IV-9 for a sample of the cost report. 

Both REPORS and REPORD (normal entry points for REPORK, REPORC) are 

called at time intervals specified by the user with input parameter 

REPORT. 
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APPENDIX V 

LAYOUT TUNNEL DATA 

by 

L. M. Pletncak and W. R. Thomson 

v 

SUMMARY 

This appendix contains data acquired from the Bureau of Reclamation 

and other sources concerning the first 5,038 feet of the Layout Tunnel, a 

pert of the Strawberry Aqueduct Project. The tunnel was driven between 

June 25 and September 22, 1971. Geological reports, machinery specifica- 

tions, and progress records sre Included. 
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I.    EQUIPMENT AND SYSTEM DESCRIPTION 

The Layout Tunnel is a part of the Strawberr Aqueduct Project and 

was driven in the summer of 1971 near Heber City Ltah.  S. A. Healy 

Company is excavating Layout and Currant Tunnels with a Robbins Co., 

Model No. 141-127-1, excavating machine ("the male") previously used to 

excavate a  tunnel in the Chicago, Illinois, area.  The machine was re- 

built and modified by Robbins Company, 651 S. Orcas, Seattle, Washington. 

The first section arrived at the work site May 24, and the mole was 

assembled during the rest of May and June near the outlet portal of 

Layout Tunnel.  Approximately 1,670 man-hours were used to assemble the 

machine, which is 45 ft long and weighs approximately 200,000 lb.  The 

last shipment of the integrated conveyor loader was delivered to the 

site at the end of July 1971. 

The mole cuts a 12 ft 11 in. diameter tunnel.  The rotating head 

consists of a center tri-disc cutter with a series of 29 disc cutters. 

The tri-disc center cutter is a cluster of three disc mounted on one 

shaft. The cutters are numbered from the center out.  The cutters are 

spaced radial as follows:  cutters No. 1 through 8, 2-7/8 in.; cutters 

No. 9 through 21, 2-3/4 in.; cutter No. 22 is 2-11/16 in. from No. 21; 

cutter No. 23 is 2-1/2 in. from 22; cutters No. 24 through 27 are spaced 

at 2-1/8 in.; cutter No. 29 is spaced at 1-1/4 in. from No. 27 and gage 

cutter No. 29 is 1-1/4 in. from No. 28. 

The maximum thrust on the head is 892,000 lb with a propel pressure 

of 3,500 psi.  The thrust rating for each of the four drive arms is 

223,000 lb at 3,500 psi.  The contractor has operated with propel pressure 

between 1,800 and 2,600 psi. 

The mole is powered by six 100 hp, CJ5NB Pacemaker, 440 volt elec- 

tric motors.  These motors create a rated torque of 630,240 ft'lb. 

Electricity is delivered to the mole at 7,200 volts and transformed to 

440 volts through a transformer located at the rear of the mole. Elec- 

tricity to operate the mole is obtained from commercial supplier, Moon 

V-5 Preceding page blank 
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Lake Electric.  The mole is held in place while excavating hv two hydrau- 

lic powered side ^rippers, immediately behind ehe cutter head. 

The mucking equipment included an integrated 24 in. troughed belt 

conveyor, and a California switch for train switching that extended 765 ft 

behind the boring machine. This configuration is shown schematically in 

Fig. V-l. 

The normal sequence for loading and muck removal starts with three 

trains in the loading area, i.e., one in the loading position, and the 

others waiting in the California switch. Once loaded the first train 

departs for the discharge area, and an empty train moves into the loading 

position. Thereafter, at any given time one train would typically be 

loading while one is waiting to be loaded and the third is on its way to 

the discharge area for dumping. The cars returning from the discharge 

area carry men and materials to the face as needed, 

this time. 

In the discharge area, each muck car is dwaped individually using 

side dump equipment that run'i on a track parallel to the main line track, 

dumping each car as it proceeds. 

V-6 

I 
I 

The excavated material was hauled from the tunnel to an 800 ft 

long dump site located 12,000 ft from the outlet portal. Three trains 

of ten, 6 2/3 yd3 (strack) side dump cars, pulled by two 10-ton dlesel 

powered Plymouth Mine-o-motive, GA-24, Model DMD-24 locomotives were 

used. The track gauge was 24 in., and rail weight 65 lb per linear yard. 

I 
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1 
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Other than the California switch at the face, there are no switches 

between the discharge area and the near face zone.  Only one train can 

occupy the track between the loading and discharge area at any given 

time. This situation applies for the first 8650 ft of tunnel which 

Includes the entire segment being considered for computer simulation at 

/ 
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Dust removal and ventilation Is accomplished bv drawing air from 

the near-face loading and working area (17,000 cfm at 2405 fpm) through 

a 36 In. diameter fan line.  The equipment includes an Elbair scrubber 

in the near-face zone and a 100-hp fan motor that supplements a portal 

fan. 

I 
Ground support includes steei ring sets, rock bolts, cribbing and 

lagging, and shotcrete as required. Actual support installation for 

the 5038 ft segment is described in the June 29 progress reports summar- 

ized in Sec. Ill of this appendix. 
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II.  GEOLOGY 

A.   GEOLOGY 

Date 

6/25/71 

6/28/71 

6/29/71 

6/30/71 

7/1/71 

7/2/71 

7/3/71 

7/6/71 

Station 

1786+26 - 1786+20 

1786f20 - 1785+93 

1785+93 - 1785+61 

1785+61 - 1785+26 

1785+26 - 1784+55 

1784+55 - 1783+93 

1783+93 - 1783+41 

1783+41 - 1782+91 

V-ll 

Geology 

Layout Tunnel:  Rock is a 
firm, medium hard, brown 
sandstone.  Dip = 2-3° 
downstream.  Rock is tight 
and impermeable. 

Browr sandstone (medium 
hard) is periodically cut 
by lenses of soft, gray, 
porous sandstone. 

Three vertical joints 
(cracks) at springline at 
Station 1785+00, LW (left 
wall) 1 to 2 ft long. 

Periodic short vertical 
joints continue upstream. 

Normal entry of formations 
into tunnel bore is at 
invert and rising upstream 
into roof.  However, conglom- 
erate enters from roof and 
trends upstream erratically. 

At Station 1784+40 a very 
hard, well-cemented con- 
glomerate starts in roof. 
It contains a 3 in. maximum 
quartzite rock. 

Conglomerate is lightly 
fractured and is dripping 
water. 

Vertical joints at Stations 
1783+25, 1783+50, 1783+45, 
all dripping water. 

No support steel thus far. 



Geologic Material (Cont.) 

Date 

7/7/71 

Station 

1782+91 - 1/^4-33 

7/8/71 1781+33 - 1780fOA 

Geology 

Hard conglomeraL" is now a 
4 ft bed at springline with 
the previously mentioned 
brown sandstone (medium 
hard) above and below. 

Brown sandstone is inter- 
bedded with thin (1-2 in.) 
brown shales that push out 
when wet and dried. 

I 

1 

7/9/71 

7/10/71 

1780+04 - 1778+43 

1778+43 - 1777+89 

Mole gripper pads leave 
small chips and fractures 
near springline. 

Beds dipping downstream 
2-3°.  Conglomerate (very 
hard) is now in middle of 
tunnel near springline. 

Brown, silty sandstone 
(medium hard) is above and 
below conglomerate and lias 
thin brown shales. 

I 

1 

7/12/71 

7/13/71 

1777+89 

1777+19 

1777+19 

1776+23 

7/14/71 

7/15/71 

7/16/71 

1776f23 - 1775+17 

1775+17 - 1774+32 

1774+32 - 1774+01 

Formations dip 2-3' 
stream. 

down- 

Hard conglomerate is grading 
upstream into a gray, 
medium hard sandstone. 

Gray sandstone contains 
lenses and thin beds of 
pebble conglomerates. 

Medium hard, brown sand- 
stone becoming fractured 
with short, closely-spaced 
joints. 

Loose, channel-fill zone. 
Stations 1771+30 to 1775+00, 
a very loose, soft section 
containing poorly-cemented 
sandstones with gravel 
streaks. 

I 

V-12 



I 
I 
1 
1 
I 

f 
I 
I 

I 
I 
I 
I 
1 
I 
I 
I 
I 

Date 

7/17/71 

7/19/71 

7/20/71 

7/21/71 

7/22/71 

7/26/71 

7/27/71 

8/3/71 

8/A/71 

8/5/71 

8/6/71 

8/7/71 

8/9/71 

Geologic Material (Cont.) 

Station 

1774+01 - 1773+87 

1773+87 

1773+73 

1773+59 

1773+59 

1772+82 

1772+39 

1771+86 

1773+73 

1773+59 

1773+13 

1772+82 

1772+39 

1771+86 

1770+56 

1770f56 - 1769+38 

1769+38 - 1768+56 

1768+56 - 1767+50 

1767+50 - 1767+50 

1767+50 - 1765+95 

Geology 

Above mentioned zone is wet 
and contains many joints 
and fractures due to close 
proximity to fault west of 
tunnel. 

Same conditions as above 

Many seeps. 

Joint, filled with white 
calcite RW: 1770+90, LW: 

1770f80. 

Rock is half hard sandstone 
and half soft poorly-cemented 
tan sandstone. 

Soft tan sandstone has 
drips and many fractures. 

Whole tunnel is soft, tan 
sandstone. 

Rock is firm, medium-bird 
sandstone at Station 1769+00. 

Top half of tunnel is medium- 
hard brown sandstone; bottom 
half is soft, wet tan sand- 
stone, containing thin 
shale. 

Light fallout along thin 
shales near springline. 

V-13 



Geologic Material (Cont.) 

Date 

8/10/71 

8/11/71 

8/12/71 

8/13/71 

8/14/71 

8/16/71 

8/17/71 

8/18/71 

8/19/71 

8/20/71 

8/21/73 

Station 

1765+95 - 1765+70 

1765+70 - 1765+34 

1765+34 - 1764+87 

Geology 

1764+87 - 1764+01 

1764+01 - 1764+01 

1764+01 - 1763+04 

1763+04 - 1762+05 

1762+05 - 1759+96 

1759+96 - 1758+02 

1758+02 - 1757+43 

1757+43 - 1757+43 

V-14 

Fault Zone 
to 1766+10 

Station 1763+42 

Fault is onnsidered to be 
a side fracture off larger 
fault located west of tunnel 
?nd bearing nearly parallel. 

Fault Zone; 
to 1766+10 

Stations 1763+42 

Rock is broken mass of soft 
sandstone and conglomerate. 

Broken rock is mixed in with 
a wet mixture of sand and 
clay. 

4 in. circular steel H-beam 
supports were installed 
throughout fault zone because 
of loose, unstable condition 
ot tunnel walls. 

Rock Is medium-hard, brown 
sandstone containing thin 
shales. 

Vertical joint at 1761+90, 
with many small fractures. 

At Station 1759+00 sandstone 
grades into hard conglomer- 
ate top half of tunnel. 
Bottom half is soft, tan 
sandstone containing thin 
shales. 

Conglomerate and sandstone 
has many small fractures 
that are dripping water. 

Conglomerate pinches out 
in roof at Station 1757+95. 

Occasional vertical joints 
and many small fractures. 
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Geologic Material  (Cont.) 
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Date 

8/23/71 

8/24/71 

8/25/71 

8/26/71 

8/27/71 

8/28/71 

8/30/71 

8/31/71 

9/1/71 

9/2/71 

9/3/71 

9/7/71 

Station 

1757+43 - 1756+57 

1756+57 - 1755+07 

1755+07 - 1753+35 

1753+35 - 1752+75 

1752+75 - 1751+68 

1751+68 - 1751+68 

1751+68 - 1750+68 

17504-68 - 1749+55 

1749+55 - 1748+69 

1748+69 - 1747+46 

1747+46 - 1746+20 

1746+20 - 1745+49 

Geology 

Top half is medium-hard 
brown sandstone with thin 
shales—bottom half is a 
soft sandstone. 

Conglomerate enters in roof. 

Tunnel bore all hard con- 
glomerata with lenses of 
soft sandstones. 

Rock is mostly hard conglom- 
erate with lenses of soft 
sandstone. 

Conglomerate has few lumps 
of shale. 

Conglomerate has many 
fractures and joints from 
Station 1756+50 to 1756+00. 

Top half of tunnel is 
medium hard, sandstone; 
soft, tan sandstone in 
bottom. 

Many small fractures and a 
few vertical joints. 

Tunnel rock is all a soft 
brown sandstone with thin 
shales. 

Small amount of fallout in 
thin shales. 

Soft, brown, poorly-cemented 
sandstone. 
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Geologic Material  (Cont.) I 
Date 

9/8/71 

9/9/71 

9/10/71 

9/13/71 

9/14/71 

9/15/71 

9/16/71 

9/17/71 

9/20/71 

Station 

1745+49 - 1744+56 

1744+56 - 1743+90 

1743+90 - 1743+30 

1743+30 - 1742+38 

1742+38 - 1741+34 

1741+34 - 1740+65 

1740+65 - 1739+86 

1739+86 - 1739+02 

1739+02 - 1738+17 

Geology 

HAay joints, and fractures 
with 5 gal/min water in 
joint at Station 1745+20 RW. 

Fallout in soft, fractured 
sandstone. 

Gray and tan, soft sandstone 
with thin brown shales. 

Many small vertical fractures 
throughout. 

Fallout along shales near 
springline. 

Tunnel rock is harder. 
Sandstone is better cemented. 

Fewer joints and fractures 
than downstream. 

"i 

1 
i 

1 

9/21/71 1738+17 - 1736+77 

9/22/71 1736+77 - 1736+60 

Note:  Because of nearby 
fault paralleling tunnel to 
west, tunnel throughout has 
many joints and fractures. 

There are short sections of 
tunnel supported with steel. 

Longer supported sections 
include soft, channel-fill 
from Station 1771+30 to 
1775+00, the fault zone from 
Station 1763+42 to 1766+10. 

The last 1700 ft of tunnel 
(Stations 1736+60 to 1752+60) 
is fractured and jointed and 
is 60% steel supported. 

"I 
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B.   ROCK PROPERTIES AND MUCK CHARACTERISTICS 

The following Information was acquired by Holmes and Narver Inc. 

as part of the Muck Designation Study under Contract No. H0210013 of the 

ARPA program. The rock properties cited are for a rock sample taken 

4,100 ft from the tunnel portal. 

[ 

i: 
i 

PROJECT & OWNER 
LOCATION OR AGENCY SIZE LENGTH CONTRACTOR 

Currant & U.S. Bureau of lO'-A" Combined S.A. 
Layout Tunnels Reclamation Dla. Lengtl? Healy 
Strawberry Aqueduct, Denver, Colorado 4.9 ml 
Heber City, Utah 

A Robblns boring machine has been operating In sandstone. Exist- 

ing logs of 13 drill holes show lithology. Compresslve strength test 

results, varying from 5,000 psl for a shale to over 38,000 psi in the 

conglomerate, have been provided by the Bureau of Reclamation. This 

tunneling was stopped in September 1971 pending provision of additional 

funds but has since been resumed. 

[ 
[ 
I 
I 
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I 

Rock Data; 

Lithology:  Sedimentary, sandstone, medium grained, light brown to 

red, massive, porous, poorly cemented. 

Uniaxial Compresslve Strength:  10 kpsi 

RQD:  (Estimated) 84% 

Dry Unit Weight:  150 lb/ft3 

Ground Water:  Generally dry. 

Hardness: NA 1/11/72 

Tunnel Data: 

Size:     12 ft,   11 in.  diameter.     Grade:     (+)   .125% 

Ventilation System:     15-17 kcfm exhaust,  36 in.  dla.  pipe,  100 hp 

at 4100 ft 

Utility System:     3 1/2 in. water  line,  6 in.  air line,  8 in.  pump 

line. 
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Water Inflow: 20-100 gpm 

Power System: 7300/480 V 

Haulage System: Muck, supplies, personnel, 10 ton locomotives, 

6 2/3 CY cars, 24 in. gauge, 65 lb rail. 

Support System:  4 In. H full rings, 4 ft centers:  35%; 13 In. x 

9 ft pans 3/4 in. x 7 ft rock bolts:  10%. 

Excavation Data: 

Machine: Robbins 141-127, total weight:  125 tons 

Cutters:  30 Robbins steel disc. Gauge:  6-11 in.  Center:  1-11 in. 

triple disc.  Interior:  23-11 in. 

Rotation: Center cutter integral with head, 6 or 3 rpm 

Torque:  600 hp 

Thrust:  900 K// max., 685 K.// operating. Anchor pressure:  1,000 K// 

Muck Collection: Pickup by buckets fixed to head, discharging on 

30 in. belt to a 24 In. x 204 ft belt on gantry. 

Power System:  6-480/240 V electric motors drive head. Hydraulic 

pumps power thrust and gripper cylinders. 

Guidance System: Laser 

Muck Data (Table V-l; Fig. V-2); 

Abrasiveness:  N.A. 1/11/72 

Pot. Vol. Change, Material Size - 0.056 in.: 0 

Spec. Gravity, Material Size -0.75 in.:  2.66 

Atterbfrg Limits. Material Size (-)0.056 in. 

Liquid Limit 21,20%      Plastic Limit 17.06%  Shrinkage Limit 15.17% 
Plasticity Index 3.14%   Toughness Index 0.52  Flow Index 6.00 

Material Size (-)2.0 in. 

Angle/Repose 1 in. Drop     Apparent Cohesion lb/ft   Angle/Repose 10 in. 
(? 3.6% Moisture, 37°       @ 3.6% Moisture, 210      Drop (? 3.6% 
Angle Slide Steel Plate     Bulk Density lb/fr.3       Moisture, 35° 
(3 3.6% Moisture, 27°       @ 0.0% Moisture, 97.4     Angle Internal 

Friction @ 3.6% 
Moisture, 38° 
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0% 1% 

0% 1% 

47% 12% 

III.  PROGRESS REPORTS 

The following information Is taken from the Bureau of Reclamation 

L-29 progress reports for the Layout Tunnel. 

April 1971 

Strawberry Aqueduct, Currant and Layout Tunnels, Diversions and 

Appurtenant Structures - Specifications No. DC-6855. Contract No. 41- 

06-D-7058.  S.A. Healy Company. 

At the close of the month, the percentage of work complete was: 

Part 1      Part 2 

This month 

To date 

Time elapsed 

Excavation for outlet portal Layout Tunnel was initiated April 27. The 
3 

portal excavation of 6,414 yd was completed during the month. The con- 

tractor plans to excavate 40 ft of tunnel from the outlet portal by 

conventional methods and the remainder of the tunnel with a mole. 

The mole is scheduled for shipping from Robbins Plant in Seattle, 

Washington, about May 15. 

The contractor continued with preparatory work for the camp site 

completion of developing two culinary water wells and completion of two 

sediment ponds. One well is located at the contractor's camp site and 

the other is near the outlet portal of Layout Tunnel. Well water samples 

were submitted to the State Health Department for tests. The sediment 

ponds are located downstream from the Water Hollow siphon. 
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L. 0. Everst, Inc., will process sand and aggregate for concrete. 

Plans are to obtain the aggregate from a deposit owned by Elmer Ray Moon 

and located in 8W1/4, Sec. 1, T.35, R.10W, Uinta Meridian. 

All remaining work under Schedule 4 was subcontracted to Jerico- 

Highland of Murray, Utah.  Jerico-Highland plans to excavate the inlet 

portal and the outlet portal for Layout and Currant Tunnels, respectively, 

during this summer.  The subcontractor also plans to start work on the 

Water Hollow Diversion works and Layout Creek Access Road about the 

middle of May. 

Contract earnings for the month and earnings to date are $128,280.00, 

were cleared. 

V~22 

i 

D 
1 

May 1971 

Currant and Layout Tunnels - S. A. Healy Company excavated, by 

conventional methods, 54 ft of Layout Tunnel from the outlet portal. 

The Robbins mole arrived at the work site May 24. Offloading and assembly 

were started May 25. The access roads and tunnel portals in Layout Creek 

i 

11 
i 

Strawberry Aqueduct. Currant and Layout Tunnels. Diversions and 

Appurtenant Structures - Specifications No. DC-6855.  Contract No. 14- 

06-D-7058.  S. A. Healv Company. 

At the close of the month, the percentage of work complete was: 

Part 1 Part 2 

This month             0% 0.3% 

To date                0% 1.3% 

Time elapsed           56% 14% 

S. A. Healy Company excavated 54 ft of Layout Tunnel from the outlet 

portal by conventional methods in parparation for excavation with a mole. 

Water and air pipelines were installed to the portal. 
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The Robbins mole arrived at the work site May 24, and assembly was 

Initiated May 25. 

Jerico-Highland, subcontractor, initiated work on a bypass channel 

at the Water Hollow Diversion Dam. 

Hamilton and Skewes, subcontractor for Jerico-Highland, cleared 

trees and brush from the Layout Creek road. Layout Creek road extension, 

Layout Tunnel inlet portal. Currant Tunnel outlet portal. Water Hollow 

Creek road extension, and Water Hollow Diversion Damsite. About half of 

the Water Hollow feeder pipeline right-of-way was also cleared. 

Preparatory work by the prime and subcontractors included fabrica- 

tion and ventilation of line and laying tracks. 

The contractor plans to complete assembling the mole and start 

tunnel excavation by mole during June. 

Jerico-Highland plans to complete the clearing operation and in 

early June to start building the Layout Creek Access Road and Water Hollow 

Diversion Dam. 

Contract earnings for May were $14,202.00. Earnings to date are 

$142,482.00. 

June 1971 

Currant and Layout Tunnels -S.A. Healy initiated moling Layout 

Tunnel June 25 and moled 100 ft during the month. Jerico Construction 

excavated for Water Hollow Diversion Dam, completed open cut excavation 

of inlet portals of Currant Tunnel and Layout Tunnel, cleared Water 

Hollow Feeder Pipeline, and cleared and initiated construction of Layout 

Creek Access Road and Extension. 
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Strawberry Aqueduct, Currant and Layout Tunnels. Diversions and 

Appurtenant Structures - Specifications No. DC-6855.  Contract No. 14-06- 

D-7058.  S. A. Healy Company. 

At the close of the month, the percentage of work complete was 

This month 

To date 

Time elapsed 

Part 1 

17% 

17% 

64% 

Part 2 

1.7% 

3% 

16% 

S.A. Healy Company excavated 100 ft of Layout Tunnel from near the out- 

let portal with a mechanical mole. Moling was initiated June 25, 1971. 

Excavation was in hard sandstone and no support was required. 

Daily tunneling operations are as follows: 

i 

Date Hours 
Operated 

6/24/71 

6/25/71 3.9 

6/28/71 5.3 

6/29/71 3.3 

6/30/71 3.0 

Day 

Totals   15.5 

27 

32 

35 

100 

FOOTAGE 

Accumulated 

33 

65 

100 

Remarks 

Station 1786+26. 

Initial exc. by mechanical mole. 
Had difficulty controlling line 
and grade caused by grippers 
against unstable timbers in ribs. 

Had electrical and gripper 
trouble. 

Had an oil lea! at the head of 
the mo]e and electrical trouble. 

Moling resumed middle of swing 
shift vithout determining cause 
of oil leak. 

Station 1785+26. 

0 

! 

I 
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SUMMARY 

This Month Previous Total 

15.5 0 15.5 

100 0 100 

6.5 0 6.5 

35 0 35 

Item 

Total operating time in hours 

Total footage 

Rate per hour 

Maximum advance per day 

Jerico Construction Company, subcontractor, completed excavating 

a bypass channel and excavated about 80% of the required foundation for 

Water Hollow Diversion Dam. Work on foundation excavation was slow as 

the dewatering system was inadequate until the third sump and pump were 

installed June 24, 1971.  Open cut excavation for Layout Tunnel inlet 

and Currant Tunnel inlet was completed.  Pioneering and excavating for 

Layout Creek Access Road and Layout Creek Access Road extension were 

initiated. 

Hamilton and Skewes, subcontractor for Jerico Construction Company, 

finished the clearing. 

I 
I 
1 Additional preparatory work by the prime and subcontractors in- 

cluded fabrication of ventilation line and laying tracks. 

I 
I 
I 
I 
I 
I 

The contractor plans to excavate by mole on a 3-shift 5-days per 

week schedule. Plans are to excavate about 40 ft by conventional method 

from the inlet portal of Layout Tunnel. 

Jerico Construction Company plans to work on building the Layout 

Creek Access Road, Layout Creek Access Road Extension, Water Hollow 

Diversion Dam earthwork and concrete, and the excavation at the Currant 

Tunnel outlet portal. 
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Contract earnings for June were $202,988.00. Earnings to date are 

$345,470.00. 

July 1971 

Strawberry Aqueduct, Currant and Layout Tunnels, Diversions and 

Appurtenant Structures - Specifications No. DC-6855.  Contract No. 14-06- 

D-7058.  S.A. Healy Company. 

At the close of the month, the percentage of work complete was: 

Part 1      Part 2 

Ground formations consisted of hard and softer layers of sandstone 

with some gravel and conglomerate seams. 

Daily tunneling operations are as follows: 

FOOTAGE 

Date    Hours   Day  Accumulated Remarks 
Operated 

6/30/71 100      Station 1785+26 

7/1/71   5.9     71      171       Electric drive motor for hydraulic 
pumps that run gantry belt failed. 
Stopped moling, worked to install 
fanline, tracks, and maintain cat- 
walk and gantry. 

V-26 
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0 
This month 2% 5% 

To date 19% 8% 

Time elapsed 73% 18% 

S. A. Healy Company excavated 1,329 ft of Layout Tunnel from Station 

1785+26 to Station 1771+97 with a mechanical mole. From Station 1774+71 

to 1772+40, some fallout and water were encountered. Through this reach, 

structural steel supports with lagging was installed and timber was used 

for gripper pads. 
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Date    Hours    Day 
Operated 

FOOTAGE (Cont.) 

Accumulated 

7/2/71    4.1 

7/3/71 

7/6/71 

3.8 

4.5 

7/7/71   12.8 

7/13/71   8.3 

62 

52 

50 

158 

7/8/71   10.6    129 

7/9/71   11.1    161 

7/10/71   4.4    54 

7/12/71   5.4     70 

96 

Remarks 

233     Changes two cutters, Nos. 10 and 
23. Motor was removed graveyard 
shift. Replaced with new motor 
during swing shift. High speed RPM 
cut out drive motors. Used low 
speed RPM. 

285     Material increasing in hardness. 

335     Changed three cutters, Nos. 27, 28, 
and 29, slight fault, 3 in. by 4 ft 
in crown section well cemented. 
(No supports require^ this day.) 

493     Changed two cutters  os. 1 and 
23. Hit small flow f water at 
left rib, Sta. 1783+76. Belt 
trouble, shut down from 3:45 p.m. 
to 4:30 and 30 min during swing 
shift. 

622      (Routine working conditions.) 
Electrical trouble with 100 hp 
drive motors. Change three 
cutters, Nos. 16, 28, and 29. 

783     Changed 17 cutters, Nos. 2, 3, 
4, 5, 6, 8, 9, 10, 11, 27, 12, 
14, 15, 25, 28, and 29. Down 
because of trouble with trains 
in disposal area and to check 
outer seal. 

837     Started changing cutters. 

907      Changed two cutters, Nos. 12 and 
29.  Had trouble with pump on 
scrubber and mole belt.  Down to 
check noisey cutter, and install- 
ing spray bar at gantry belt 
pickup from mole belt. 

1003      Changed three cutters, Nos. 17, 
22, and 23. Down to revamp spray 
nozzle bar between mole belt and 
gantry belt.  One train of loaded 
muck cars derailed at 5:00 a.m. 
Mole belt plugged and slipped from 
wet material. 
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Date    Hours    Day 
Operated 

7/14/71   8.8    106 

7/15/71   7.1 

7/16/71   3.6 

7/17/71   0.3 

7/19/71   1.7 

7/20/71   3.8 

7/21/71   5.2 

7/22/71   2.6 

7/26/71   4.1 

7/27/71   5.3 

FOOTAGE (Cont.) 

Accumulated 

85 

31 

14 

14 

46 

31 

43 

53 

Month 
Total   113.4   1329 

Remarks 

1109      Changed seven cutters, Nos. 13, 
23, 25, 26, 27, 28 and 29.  Had 
belt problems.  Tried new spray 
bar.  Down with broken hydraulic 
line to mole conveyor. 

1194      Excavated 61 ft on graveyard 
shift.  Hit bad ground, sand and 
gravel washed out with approxi- 
mately 15 gpm flow of water. 
Started rib steel supports and 
lagging as mole advanced.  Crib- 
bing behind grippers was necessary 
in places. 

1225 Had trouble gripping and with 
chunks falling out from above 
springline. 

1228      Cleaned out invert of tunnel. 
Advanced mole 3 f^ when another 
large fallout from crown occurred. 
Placed rib support steel. 

1242      Changed cutter No. 27.  Installed 
ribs at 3-ft centers and lagged 
and moled intermittently. 

1256      Had trouble with grippers against 
unstable lagging. 

1302      Had trouble with transformer and 
left side gripper moving rib 
steel and lagging. 

1333      Day shift 7/22 thru graveyard 
shift 7/26 were spent on mole, 
airline maintenance and structu- 
ral steel supporting of bad ground. 

1376      Ran mole enough for one set of 
suppor- steel at a time until mole 
was stopped due :o  dust after 
waterline to scrubber was broken. 

1429      Changed seven cutters, Nos. 23, 
13, 16s 12, 15, 29, and 26. 
Installad gantry. 

Station 1771+97 
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SUMMARY 

This Month Previous Total 

113.4 15.5 128.9 

1,329 100 1,429 

11.7 

161 

6.5 

35 

11.1 

Item 

Total operating time in hours 

Total footage 

Rate per hour 

Maximum advance per day 

Structural steel tunnel supports consisting of 4" H beam 13///ft were 
installed as follows: 

Stations: 

1774+71 to 1774+63 

1774+59 to 1774+47 

1774+43 to 1774+23 

1774+19 to 1774+15 

1774+15 to 1774+08 

1774+08 to 1773+-98 

1773+98 to 1772+64 

1772+60 to 1772+40 

Partial ring set on 4 ft centers and pinned 2 ft 
below springline. 

Full ring on 4 ft centers. 

Partial ring set on 4 ft centers and pinned 2 ft 
below springline. 

Full ring on 4 ft centers. 

Full ring on 3 ft centers. 

Full ring on 2 ft centers. 

Full ring on 4 ft centers. 

Partial ring set on 4 ft centers and pinned at 
springline. 

Jerico Contruction Company, subcontractor, excavated the foundation 

for Water Hollow Diversion Dam and started compacted embankment. Work 

on foundation excavation and embankment was slow as the contractor had 

difficulty with dewatering.  Initial concrete placement was made for 

the footing of the upstream cutoff wall for Water Hollow Diversion Dam. 

Undesirable material was removed and backfill and compacted backfill for 

structures were placed for the Water Hollow Tunnel intake structure. 

Open cut excavation for tunnel portals was substantially completed. 

Excavating for Layout Creek Access Road and Layout Creek Access Road 

Extension advanced to about 55%. 
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The contractor plans to excavate b> mole on a 3-shift 5-days per 

week schedule.  Plans are to excavate about 40 ft by conventional method 

from the inlet portal of Layout Tunnel. 

Contract earnings for July were $612,231.00.  Earnings to date 

are $957,701.00. 

August 1971 

Strawberry Aqueduct, Currant and Layout Tunnels, Diversions and 

Appurtenant Structures - Specifications No. DC-6851).  Contract No. 

U-06-D-7058.  S. A. Healy Company. 

At the close of the month, the percentage of work complete was: 

Part 1      Part 2 

This month 

To date 

Time elapsed 

18% 8% 

37% 16% 

82% 20% 

Ground formations consisted of hard and soft layers of sandstone 

with some siltstone, conglomerate and shale seams.  Supports were 

required in the following areas: 

1767+38 to 1761+94 
1759+22 to 1759+06 
1758+04 to 1756+17 
1752+62 to 1748+83 

Through these reaches, steel pans with rock bolts or structural 

steel supports with lagging and cribbing were installed.  Timber was 

used for gripper pads as needed. 
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S. A. Healy Company excavated 2,314 ft of Layout Tunnel from 

Station 1771+97 to Station 1748+83 with the mechanical mole. 
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Daily tunneling operations are as follows 

i: 

FOOTAGE 

i 
I 
I 
1 

I 

i 
I 
I 
I 

Date    Hours    Day  Accumulated 
Operated 

7/31/71 

8/2/71   5.2     83     1,512 

8/3/71   9.6 130 1,642 

8/4/71   6.9 

8/5/71   6.0 

118 

82 

1,760 

1,842 

8/6/71   9.1 106 1,948 

8/7/71 1,948 

Remarks 

Station 1771+97 

Hydraulic system repaired, some 
ground water encountered. 

Changed 16 cutters, Nos. 22, 11, 
7, 18, 10, 19, 28, 14, 20, 15, 
23, 23, 23, 7, 8, and 9. No. 7 
cutter was changed twice, once 
on day shift and once following 
graveyard shift; and No. 23 was 
changed three times on swing 
shift, when material was hardest. 

Changed 11 cutters, Nos. 24, 25, 
26, 28, 6, 3, 16, 21, 15, 28, 
and 29.  Cutter No. 28 changed 
twice. 

Changed 6 cutters, Nos. 19, 12, 
18, 13, 21, and 20. Down day 
shift waiting on repair parts. 
No moling 9:30 p.m. to 10:00 p.m. 
while unsafe conditions were 
being corrected. Rockbolts with 
pans were tried as support on 
left side, between Stations 
1769+75 and 1769+90, but 6 ft 
rockbolts failed to torque. 

Changed 18 cutters, Nos. 23, 14, 
27, 11, 17, 5, and 24, 23, 24, 
25, 26, 27, 29, 10, 21, 15, 3, and 
29. Cutters changed twice at 
locations No. 23, 27, 24, and 29. 
Grippers fractured material 
causing flaking from left side. 
10' x 12" x 16 gage pans were 
anchored with 2 ft rock bolts 
from Station 1767+04 to 1766+84. 

Changed center cutter. 
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Date    Hours    Day 
Operated 

8/9/71   12.9    155 

8/10/71   2.4 

8/11/71   3.8 

8/12/71   5.4 

8/13/71   7.6 

8/14/71   0 

8/16/71   8.3 

8/17/71   7.6 

FOOTAGE (Cont.) 

Accumulated 

25 

36 

47 

86 

2,103 

2,128 

2,164 

2,211 

2,297 

97 

99 

2,297 

2,394 

2,493 

8/18/71  15.4    209 2,703 

Remarks 

Changed cutter No. 23.  Had 
trouble gripping on sides.  Pans 
and rockbolts used from Stations 
1766+84 to 1765+86. 

Hit soft, wet, caving ground; water 
inflow estimated at 70 to 80 gpm. 
Placed structural steel supports 
and lagging intermittently. 

Set structural steel supports 
and lagging. 

Conditions similar to those en- 
countered 10th and 11th except 
estimated 100 gpm of water. 

Moled, blocked grippers, placed 
support steel and lagging inter- 
mittently and pumped water.  Had 
trouble with mud building up 
around support wheels for trans- 
former and scrubber platform. 

Changed 4 cutters, Nos, 
26, and 29. 

1, 15, 

Changed 5 cutters, Nos. 26, 11, 
28, 18, and 16.  Ground became 
firmer. 

Changed 7 cutters, Nos. 26, 18, 
10, 19, 21, 23, and 25.  Placed 
support steel and lagging, head- 
ing became dry and supports were 
discontinued. 

Changed 6 cutters, Nos. 24, 28, 
22, 7, 14, and 2.  The hydraulic 
"tugger" system for moving muck 
cars under the gantry was tried. 
It was slow and could move only 
8 cars at a time when loading. 
Started supporting with rockbolts 
and pans at Station 1759+90. 
Empty muck car derailed at 7:30 p.m. 
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FOOTAGE (Cent.) 

Date    Hours 
Operated 

8/19/71  13.5 

Day 

194 

Accumulated 

2,896     Chan 

1 
1 
1 

I 
1 
I 
I 
I 

8/20/71 4.4 59 2,955 

1 
I 
I 8/21/71 0 0 2,955 

1 8/23/71 9.4 86 3,041 

I 
I 8/24/71 16.4 150 3,191 

Remarks 

Changed 11 cutters, Nos. 29, 6, 
16, 21, 22, 2, 11, 17, 23, 19, 
and 10.  Contractor worked to 
correct cause of derailment from 
8 to 10:40 a.m. and started 
moling at 10:40. Maximum advance 
was 4^ In. per min with 2100 lb 
of propel. Water was encountered 
above invert on left side at 
Station 1758+01. 

Changed cutter No. 24. Down 3 hr 
and 10 min on day shift to set 
transformer at Station 1768+36 
and install 1,000 ft of 7200 volt 
electric cable. At 3:15 p.m., 
encountered loose conglomerate 
which required steel rib supports, 
moled 4 ft at a time then stopped 
to place support steel and lagging. 

Changed 6 cutters, Nos. 5, 11, 
17, 23, 25, and 28. 

Changed 7 cutters; Nos. 24, 27, 9, 
6, 14, 18 and 22. Continued to 
mole slowly and installed supports 
for most of day. Down an hour to 
repair vent line and scrubber. 
Material got harder and had more 
stability. 

Changed 16 cutters, Nos. 1, 29, 
15, 18, 12, 10, 16, 11, 12, 13, 
19, 17, 22, 23, 8 and 3. Cutter 
at location No. 12 was changed 
twice.  Down twice on swing shift 
and once on graveyard shift to 
change cutters because of hard 
well cemented conglomerate. Ad- 
vanced 2 in. per min at propel 
pressure of 2,800 psi. 
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Date    Hours 
Operated 

8/25/71  15.6 

FOOTAGE (Cont.) 

Day  Accumulated 

8/26/71   6.5 

8/27/71  11.6 

8/28/71 

8/30/71   9.2 

8/31/71   7.5 

8/31/71 

172 

60 

107 

100 

113 

Remarks 

3,363     Chinged 23 cutters, Nos. 15, 16, 
20, 18, 14, 22, 19, 25, 24, 26, 
28, 27, 29, 22, 21, 7, 17, 23, 
13, 24, 21, 11, and 16.  Cutters 
at locations Nos. 16, 21, 22, and 
24 were changed twice. 

3,423     Water encountered in crown at 
3:00 p.m.  Started setting pans 
and rockbolts.  Changed water 
nozzles at throat ot the mole 
for better dust control.  At 
4:15 p.m. began installing struc- 
tural steel supports. 

3,530     Changed 3 cutters, Nos. 4, 28, 
29. Moled and set steel alter- 
nately until shut down for 
hydraulic system repairs. 

3,530     Changed 5 cutters, Nos. 14, 19, 
23, 25, and 27, and set some 
structural steel supports while 
making hydraulic system repairs. 

3,630     Changed 2 cutters, Nos. 12 and 
20. Continued repair on hydraulic 
system and encountered ground that 
required supports. 

3,743     Changed 2 cutters, Nos. 28 and 
29.  Moled 4 ft and set support 
steel alternately. 

Station 1748+83. 

I 

i 

! 

i 

Item 

Total operating time in hours 

Total footage 

Rate per hour 

Maximum advance per day 

SUMMARY 

This Month Previous Total 

194.3 128.9 323.2 

2,314 1,429 3,743 

11.9 11.1 11.6 

209 161 
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Jerico Construction Company, subcontractor, placed approximately 

25% of the compacted embankment and compacted backfill for Water Hollow 

Diversion Dam.  This material came from borrow.  Nearly all of the 

structural excavation in the diversion dam was oversize and rejected. 

3 
About 102 yd of concrete was placed for the upstream cutoff wall, 

cutoff walls under the spillway and sluiceway floors, and the 10' x 31' x 4' 

sluiceway floor section.  At the Water Hollow Tunnel inlet structure, 
3 

19 yd concrete was placed for the floor and part of the walls. 

Excavation and embankments for Layout Creek Access Road, Layout 

Creek Access Road Extension and Road above the Layout Feeder Pipeline 

were substantially completed.  Earthwork and laying of pipe were initiated 

for the Layout Feeder Pipeline. 

Jerico Construction Company plans to work a 10-hr shift 6 days per 

week on Water Hollow diversion structures.  L. G. Everst plans to pro- 

cess coarse concrete aggregate until winter shutdown about October 1, 

1971.  Plans are to use a rod-mill next summer to process sand for 

concrete because current processes have failed to produce sand within 

the specified gradation. 

Contract earnings for August were $708,358.60.  Earnings to date 

are $1,666,059.60. 

September 1971 

Currant and Layout Tunnels - S. A. Healy moled 1,295 ft of Layout 

Tunnel. On September 22, the contractor discontinued moling because 

funds were exhausted.  About 2,900 ft of pipe was laid for Layout Feeder 
3 

Pipeline and 235 yd of concrete was placed for Water Hollow Diversion 

Dam and the inlet structure to Water Hollow Tunnel. 
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22% 6% 

59% 22% 

91% 22% 

Strawberry Aqueduct,, Currant and Layout Tunnels, Diversions and 

Appurtenant Structures - Specifications No. DC-6855.  Contract No. 

14-06-D-7058.  S. A. Healy Company. 

At the close of the month, the percentage of work complete was: 

Part 1      Part 2 

This month 

To date 

Time elapsed 

S. A. Healy Company excavated 1,295 ft of Layout Tunnel from 

Station 1748+83 to 1735+88 with the mechanical mole. 

On September 22, at noon, the contractor discontJnued tunnel exca- 

vation because funds were exhausted. Swing and grave>?rd shifts were 

discontinued on September 24 and 25 respectively. By September 30, 

S. A. Healy had laid off all employees except supervisory personnel. 

The material at the heading when work was discontinued is conglom- 

erate in the arch to about 2 ft above springline and shale and sandstone 

below that. 

The contractor has completed the following wor'-. to protect the 

Layout Tunnel and boring machine during the shut do\m  period:« 

1. Applied shotcrete to 90% of the tunnel except for the invert 

from the end of the California switch to and including the 

heading. 

2. Installed 4 in. tunnel support steel on 4 ft centers around 

the mole. 

3. Installed a bulkhead at the outlet portal. 
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4. Installed 8 In. drain pipe at the outlet portal.  This 

line connected to the invert of the tunnel to the original 

8 in. pump discharge line outside the portal and was buried 

about 2 ft.  The pipe was insulated when buried. 

5. Cleaned invert of tunnel around mole and backup equipment 

to facilitate drainage of water.  Pumping was discontinued 

October 1, 1971. 

6. Performed general cleanup of the mole and backup equipment. 

7. Blocked up the mole and retracted all hydraulic rams. 

8. Greased all machine surfaces left exposed. 

9. Activated internal heaters in the electric drive motors on 

the mole head. 

10. Electricians sprayed a moisture proof preservative coating 

on all internal electrical wiring for motors, transformers, 

switches, etc. 

11. Covered mole with a plastic covering. 

In addition, the contractor plans to have watchmen on the job site 

during the entire shut down period.  Also, electric power will be left on 

in the tunnel to activate the motor heaters and keep the transformers 

in operation to prevent deterioration. 

Ground formations excavated during the month consisted of hard 

and soft layers of sandstone with some slltstone, conglomerate and shale 

seams.  Structural steel supports with cribbing and lagging were in- 

stalled in the following areas: 

1748+83 to 174>f42 

1740f64 to 173&f80 

1736+32 to 173&f00 
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Timber was used for gripper pads as needed.  A small amount of 

pans with rock bolts were also installed. 

3 
Approximately 170 yd of shotcrete was placed to retard rock 

deterioration along the tunnel walls and crown between Stations 1784+50 

and 1735+88 on an intermittent basis as needed. 

Daily tunneling operations were as follows: 

FOOTAGE 

Date    Hours 
Operated 

Day Accumulated 

8/31/71 3,743 

9/1/71    5.3 86 3,829 

9/2/71    8.8 123 3,952 

9/3/71    9.4 126 4,078 

9/7/71    5.2 71 4,149 

9/8/71    6.2 93 4,242 

V-38 

Remarks 

Station 1748+83 

Changed 9 cutters, Nos. 25, 29, 
18, 24, 27, 26, 21, 15, and 9. 
Alternately moled 4 ft and 
stopped to set rib support steel 
at 4 ft centers.  Grippers cause 
rock to slab off. 

Changed 10 cutters, Nos. 23, 17, 
20, 8, 19, 22, 16, 10, 28, and 
29. Alternately moled 4 ft and 
stopped to set rib support steel. 
Material was getting more stable. 

Changed 7 cutters, Nos. 14, 13, 
8, 6, 5, 11, and 23.  Alternately 
moled 4 ft and stopped to set 
rib support steel. Material was 
getting softer and falling out 
from both sides. 

Changed 2 cutters, Nos. 23 and 
28.  Alternately moled 4 ft and 
stopped to set rib support steel. 
Ground was blockey and some 
slabs fell out. 

Changed 5 cutters, Nos. 27, 21, 
18, 15, and 2.  Alternately 
moled 4 ft and stopped to set 
rib support steel, as grippers 
were breaking slabs out. 
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FOOTAGE (Cont.) 

! 

D 

I 
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I 
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Date    Hours    Day  Accumulated 
Operated 

9/9/71    5.6 66 4,308 

9/10/71   6.1 

9/13/71  11.5 

60     4,368 

92     4,460 

9/14/71  12.1 104 4,564 

9/15/71   5.4 69 4,633 

9/16/71   8.5 

9/17/71  10.4 

79 

84 

4,712 

4,796 

Remarks 

Changed 13 cutters, Nos. 29, 26, 
27, 12, 23, 22, 28, 24, 23, 26, 
25, 27, and 29.  Cutters at 
location No. 23, 26, 27, and 29 
were changed twice. Alternately 
moled 4 ft and stopped to set 
steel until rib support steel 
was discontinued at Station 
1743+421 at stable ground. 

Changed 5 cutters, Nos. 17, 20, 
21, 24, and 26.  Ground was 
harder and moling speed was slow. 

Changed 14 cutters, Nos. 14, 15, 
16, 23, 11, 9, 4, 8, 13, 19, 20, 
21, 10 and 2. Had trouble with 
high speed gripper valve, dust 
control equipment and conveyor 
belts.  Stopped from time to 
time to repair these. 

Changed 14 cutters, Nos. 5, 7, 
10, 17, 18, 23, 24, 25, 26, 27, 
28, 29, 1, and the center cutter. 
Hose to spray bar, dust controller, 
replaced. 

Changed 2 cutters, Nos. 22 and 
23. Moled 4 ft and stopped to 
install full ring steel supports 
alternately. Also had trouble 
getting grippers to hold. 

Alternately moled 4 ft and 
stopped to set full ring support 
steel.  Lagging behind grippers 
was required. 

Changed 3 cutters, Nos. 23, twice 
and 24 once. Alternately moled 
4 ft and stopped to set full 
ring support steel. At Station 
1738+80, rib support steel was 
discontinued. 
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FOOTAGE (Cont.) 

i 
I 

Date    Hours    Day  Accumulated 
Operated 

9/20/71   7.0     85      4,881 

9/21/71  11.9    140 5,021 

9/22/71   1.6 17 5,038 

9/30/71 

Remarks 

Changed 14 cutters, Nos. 8, 10, 
11, 15, 16, 17, 18, 19, 21, 22, 
24, 26, 28, and 29.  The lubri- 
cating system to the cutter head 
bearings was repaired. 

Changed 10 cutters, Nos. 14, 20, 
23, 24, 25, 27, 3, 6, 8, and 29. 
Mole was without power for about 
7 hr while contractor installed 
new transformer. 

When softer ground was first 
encountered at 11:30 a.m., the 
contractor elected to stop the 
mole to leave it in stable ground 
until additional funds are avail- 
able. 

Station 1735+88 

SUMMARY 

Item This Month Previous Total 

Total operating time in hours 115.0 323.2 438.2 

Total footage 1,295 3,743 5,038 

Rate per hour 11.3 11.6 11.5 

Maximum advance per day 140 209 

Jerico Construction Company, subcontractor, is working one 10-hr 
3 

shift six days per week.  About 207 yd of concrete was placed for the 

upstream middle apron, right and left wing walls, left downstream cutoff 

wall and the remaining spillway floor for Water Hollow Diversion Dam. 
3 

At the Water Hollow Tunnel inlet structure, about 28 yd of concrete was 

placed for the upper parts of the walls and roof sections. 
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Earthwork and laying of pipe for the Layout Feeder Pipeline were 

advanced about 2,900 ft. 

L. 6. Everest, subcontractor, discontinued processing concrete 

aggregates until after the winter months.  Some fine sand was produced 

and blended with the coarse sand already produced to obtain s?nd within 

specified gradations. This sand was used for shotcrete material In 

Layout Tunnel. 

Contract earnings for September were $695,912.32. Earnings to date 

are $2,361,971.92. 
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IV.  WAGE RATE SPECIFICATIONS:  CENTRAL UTAH. 1970-1971 

This Information is taken from the Schedule, General Provisions, 

Specification, and Drawings, Strawberry Aqueduct, Currant and Layout 

Tunnels, Specifications No. DC-6855, U.S. Department of Interior, Bureau 

of Reclamation. 
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Pursuant to the provisions of the Davis-Bbcon Act, 40 
USC. 276(ii/, as amended, the Secretary of Labor has 
deternvned that rates of wages and fringe benefits 
listed in thh paragraph are those prevailing for the 
classificjtions specified in the locality of the work 
covered by these specifications and said rates of wages 
and fringe benefits shall be the minimum rates per hour 
to be paid for the work covered by the specifications. 

Fringe benefit payments include medical and hospital 
care, cornpenxition for injuries or illness resulting from 
oco^tionai activity, unemployment benefits, life 
insurance, disability and sickness insurance, accident 
insurance (all designated as health and welfare), 
pensions, vacation and holiday pay, apprenticeship,, or 
other similar programs, and other bona fide fringe 
benefits 

While the wage rates and fringe benefits shown are the 
minimum rates required by these specifications to be 
paid during the life of the contract, it is the 
responsibility of adders to inform themselves as to 
local labor conditions such as the length of workday or 
workweek, overtime compensation, fringe benefit 
contributions, labor supply, and prospective changes or 
adjustments of wage rates or fringe benefits. No 
increase in the contract price will be allowed or 
authorized on account of the payment of wage rates or 
fringe benefits in excess of those listed herein. 
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Ceciolcm No. AK-^,013 (3) dated 6-16-70 ! 

ASBKSraS   V«KEkS 
tOILrKMAtBH 

BRljr;>T..'i(5 
CABCEHTtÄSi 
Ctrptstart; 

Zon« I:(«7 milt»  or   !«•(  fro« 
»rifbi« CilyXfdar City- 
l.j-nb.Lo«»n..s(>ii-(,ric«- 
rrcvc-ttrhfirld-^ilt  Uta 
Clty-Vcrntl) 

ZOM   1 

Zone *: 

(tfjrond '>0  thru  10 ■lie« 
froy Druh»« Citj-CnSti City 
H«n»t-t<i(itn-0|(*«o-Ptlc«.Pr(>»<^. 
Itchriild.Salc   Lake City 
ftnul) 7.OS 

(l*yQ*4 SO tttrj 60 BIUI fra 
IrlcUa Clty-Ccdtr Citf« 
«•*«!>-L«!ii-Oyd«n-Pr let-i'rov 4- 
iUhfltld-Stlt  Uk«  City- 
Varnal) 

(Ovir 60 alUt troa Brighaa 
CltyXadar Clty-Kinab-L««»»- 
Oj'an-rrlct-frovo-atc^f Uld- 
Silt Uk* City-Vernal) 

Saw Filirt, S«v Opi., I Cirpcnttrt 
kaadllaf ertatatc MttrUli 
lorn 1 
ZOM 1 
Zoo»  J 
Zen* * 

Hlllwrlfktt (All ZOMI) 

««Mitte«! Corpantati (All Zonal) 

comwr KAJWMS 
Caaaat Hitoii 

Zone  1  CPic art*  UM than OS nlltt 
troa any county i«at *«e*pt 
Oaxgatt County) 

Zon« J  (AVI of  DAWTT COiNTY and 
tHl aica  beyond a  dlataicc 
floater   than  a  rariiuf  of 
i*5  otUt fro-'  th»   regaining 
county  tn'H 

MarhUf  Op.:  M/nt ic   Moor   Ha^nala; 
lipark  Proof in« ;   Scaffold  '31   to "»O I 

Zone   1 
Zone  t 

RASIC 
HOUkLY 
KAltS 

».81 
».JO 
«.00 
5.86 

».SO 

7.I7J 

7.J0 

«,»2S 
7.I7S 
7.30 
7.«2S 

«.»S 
».JO 

i.m 

».J7 

t.) 
«.00 
t.ttO 

FRINGE UtNEFITS PAVMENTS 

Mkt PCNSIONl     VACATION     APP   T» 

.1! 

.30 

.30 

.21 

.» 

.IS 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.02 

.55 

.55 

.15 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

15 .20 

.20 

.20 
.20 

.»0 

.«0 

.1) 

.15 

.13 

.13 

.11 

.13 

.13 

.13 

.13 

.13 

.13 

.13 

.13 
.13 

.02 

.02 

.02 

.02 

.02 

02 

.02 

.02 

.02 

.02 

.02 

: 

1 

1 

"i 

! 
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DeclBion No. AK-2,013 (3) 

.:y'md i::..:«; .-.it,; 
lupin»-,  finirhlnp *n(  lexturlnc 
(tun: ui' miijliinej 

EWCTitlCUNS: 
C«cN»-D«vli  (Thai   poition of  D»vl« Co. 

Wing north o«  th« ulit  pvtlUl)- 
wit*r Countlti. 

lltctrlcitni 
C»bU Spllccn 

Bm Il««r-Nrf|in-Rlch Countlt». 
Eltctrirlani  . 
Ciblt Spltecrt 

S«lt Ute County    * thit portion of 
D«*l( County  Irin« ioutli of  th« «»lit 
pintltli »nd thtt  portion of Ottil 
Count»  lying north of th» uoth 
pirilUI. 

10 ml. litt or Wut fro« Inttrltit« 

BASIC 
HOURLY 

RATES 

lltctrlclint 
Cabl« Spllctn 

Omt 10 ml. Utt or Wilt fro« 
Intnrttnt« Q *»: 
KUetrlcUm 
Cabl« 3pllc«r» 

UulWor of Stiu. 
EUetrlcUn* 
Cnblt Spltenr* 

ELCVATOt COHSni'CTOBS 
tugvATO« consmcTors' rnirtts 
ELEVATOR COKSnuCTOaS'   HELPBS (MOB.) 
CLUins 
UOIMCRgBS: 
OraaMitit-atlotorelng.Pone« Brtetor- 

Stnietur*] 
UMISMl 

Brick T«nd«r»    . 
Plnturcrt'  ItnitTi 

urmts 
LBAO nimmts 
Lin COHJTlOCTiaH: 
CnbU Sptlctri 
Llnnacn 
Liu Kquipa'at Opnrntor 
Hand Croundatn 
GroundMn 

5.  5 

t.2C 
«.•5 

7.20 
7.»5 

• .20 

».70 
«.•1 

7.70 
7.M 

S.M 
70Ut 
sot 

«>7S 

FRINGE BENEFITS PAYMENTS 

.16 

.18 

.11 

.U 

.1« 

.11 

.t» 

.li 

RKSIOHi 

.12 

VACATMH    AFP. TK. 

It 
1% 

1% 
n 

.u 

.u 

.u 

.2S 

1« 
» 

It 
It 

It 
It 

•III 
.MS 

.2$ 

4.65 .IS .25 
5.195 .20 .25 
5.« .20 ••0 
5.10 .15 

*.S7 .1» n 
5.11 .1$ it 

S.l» .15 it 
».M .IS it 
».OS .IS it 

.02 

SAOt 
S/IOl 

J/Wl 
S/IOt 

2t*« 
2V* 

B/IO» 
l/lOt 

•AOt 
•/tot 

•/to« 
i/lOt 

.02S 

.01 
.01 

S/W 
S/W 
SA* 
S/*t 
SAt 
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Dccioloa uo. A!r-l!,0i3 (3) 

! 

PAIKITRS: 
Ar«« Hnrth  of  »Im   P«r«ll»l. 
itvih 
Spr«v;   Structur»!  Sttel;  Swin?  Stag« 
Sterpl«    lack Work 

BfJMllltt •   r    rt   pf ^*'l. 
fcrüt'i;   ■.rller;  Itpernanter;  Sheet 

Sock Taf-Pt 
Brush   tSutn< St«g«)t  Brujh   (Steel k 
Rridrf);   Spt«f l>  SandbUdtr; 
Stktplc  Jtck 

Spray   (-vir?  3t<Utt)|  Sprav   CStttl Ir 
■ridge); r>>n<)Maat«r (Swing Sta««); 
•ad ipcclal Coating Applicator 

MLKDBnrEMl'Nj Bridge, Wharf, k Dock 
Carpnatera,  tis^era,  Booa Hen 

rwm.zns 
navr.kC.; PUeflttara k StetafIttert: 

ZOM  I. IS mi,  radlui froa eentac of 
•Jirh cltr,  naaclr Salt  Lak« 
City,  0.;i}»n and Pruro 

Zeac 2- Z«i« 1 plua IS at lea 
IOTM 1. ZOIM a plua IS allea 
Sana »- Alt araaa beyond Zone 1. 

gcnisLAATiun k AU coromowiiC! 
59 n>na IT <■■■ n 

Zaae  Uli STT radlui froa center 
of «erb city,  naaely Salt 
Lake City,  Orden and Prevo 

tea« 2- Zone  1 plua  IS allaa 
tine 1- S«M 2 plua  IS all«! 
Xtia« •- All «reaa bayoad Zone 3, 

U-v'^r SO tma: 
All «•»•• 

SHS.-T KTTAL «OBKEItS 

BPtlirnU PITTVRS 
TE1IAZZO «»Tims 
TIU tJTT-M 

VglMtSi l*ecl*e rate pretcrlbed fo.- 
eraft tu ehltb «aiding  la 
laeldcntal. 

FOITHOTES ; 

e. Eeployer contrlhute« n\ of t>«ale ho 
rate for 6 «orlhe to S yean' aervl 
A  thioufh  P. 

BASIC 
HOUBLY 
RATES 

u.sc 

u.er 

5.07 

S,27 

7.0» 
S.S6 

FRINGK BENEFITS PAYMENTS 

6.;o 
«.00 
i.00 

irly rate 

.1* 

.4 
.16 

.1« 

.16 

.16 

.IS 

.20 

e.is .16 
».»» .16 
6.t0 .16 
7.6S .16 

PtSSION»      VACATION     APP   T» OTHERl 

f.»5 .1« 
• ••0 .1» 
7.1$ .16 
7.SO .1« 

I.JS .It 
s.ss .10 
S..'0 .» 

.20 

.12 

.12 

.12 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.10 

.20 

.30 

.13 

for 5 y« Ira'   acrJl 

.01 

.01 

.01 

.01 

.01 

.01 

.02 
,01 

.0« 

.0» 

.0« 

.0» 

.02 

.02 

.02 

.02 

.02 

.05 

r  aa Vacation Payl Credit, 

SrploTte  «rill  receive  2 «eek«1   vaclitlnn wlt>i pay «ftpr coaplatleo of on« yaar o? 
acrvice;  terloyee wSo  hat  «erved cor.t Inuo'ül / vltb on," ooployer fcr twa] ye year« 
receive  a  third week's vacation.     7, Paid Kc'.ldaya.       I A tbrouffh P plua 

ce  and 21 basic hourly 
6 Paid Kbllday«: 

receive  a  third veek'a vacation.     7. Paid Kci.ldaya,      I A thtoi 

I ' ' :l»hr   paid lolHava:     A thri.isrh P rfua WasM   »ton'a «irthday 
providing eerlnyee   haa «orfd kS full dar«  C.rtiig  tMl 120 calendar dayaj prior   tc 

and Good Friday, 

holldiT,  and  the   rcrular  scheduled ^ork dayi 
the  holiday. 

PAID JCUPAYS I 
A^i'v if»»t'T"6tf)  R-Menorial n<y; C-ln^tpendenca 
P-Chi Islets  Dav. 
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Decleion Ho. AK-2,013 (3) 

That ■!■•• la U* SUM of Utah vlthln 
i5 road milat of t>.e county aMti 
•xeludLog UMU*tt Count; 

yst>:z.is 

caoup i 

Boxman, Carpantac  tender, Ceaant 
tlnlahtr helvcr. Chit bontan. Choker 
•ctter, OHaflaf A grading. Cleaning 
of equipment I part»  In connection 
with concrete, Concrete crew,  Dock. 
hud t cleaning nan,  Pence erector 
k inataller (Include»  inetallatlon 
t ereetloe of fence», guard rail», 
•adLan rail», reference poet, guide 
poat, t rlgkt^)f-war >arkar«)lriagMn 
ran» ■tripper, Cerdener helper, 
Otweral leborar, Grlnler operator 
(vtethar by poucr or hand), Croap 
f«mf »perator», Heatere tender, 
Bllpan (all «at herein eeparately 
claaaltled), Houee aovar, Landaeaplng 
halpar. Laborer» on Mrceklng t 
Oeaolltloe. Hureeryman helper, 
pra^Mtaraan, Stprep aao (hand 
placed), Slopcr,  Ipieader k MlghMn, 
Stafca J«v*r. Stripping k elaanlai 
at iMal t pane. Tool dispatcher t 
ehecber (fall tUs), Unloading k 
packUg of relnforclag ateal rodt 
km*k 

mem u 
kit track helper, Aaphalt raters k 

trcBcra, Dtäp"*ni Cunite rtboundaan. 
Band k chain »aw operator (bucking 
k fallteg tisbar), J. Taapar k 
■ (allar type taaqier», Ketel ton 
»< ttar (airport paving k higtway) 
Oparetor k tendtr» of pBeuaatle k 
electric tools k coapreaaora k 
concrete aav, Operators of  power. 
typ« fen cleaner k oiling aachlnes, 
rip« «rapptr. Put tcnOer a joint 
■akar.  Power type bugglca, leller», 
acnea k eleaaup »an. Signal k 
fcfMl on concrete conatructtoa, 
Taml k belt un. 

CTOUP III 

kerke vibratory roller k »iallar type, 
Caapaelag aochlat».  High praaaurc 
water ■aitlenan, Jackhaaraer k paveaeilt 

BASIC 
HOURLY 

RATES 

4.305 

4.0 

FRINGE BENEFITS PAYMENTS 

.IS 

.15 

.2» 

.25 .0» 
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Decision Ko. AK-2,013 (3) I 
i 

LABOREtS-Cont'd 
RAMC 

HOUI'i.Y 
KAItS 

CROUP  III- Cont'd 

brtakcr,  PlpcUftr,   Piwtftr«an hclfxr, 
Puepcrft* cptixon,  UtHnary ttak i 
vcKtl cUanfrt, S*nd  RUtttr«,  Sand 
blaitcr pot  tendtr,  vibrator oparator, 
Work of all tfpa ualnc cutting torchai 
k tooli aaadtd  In wracking 

CKOUP  IV 

Alt track I cora dlaaond drllUra, Drtl 
•ackaalc     (en  Job alta).  High acalar- 
opcrattof Jackhi—ar or brcakac, 
Kalla vibrator« 1 «iallar tfpaa • 
70 lb»., Hultlpla aUa booa drlllar. 
Wagon drlllar 

CtOUF T 

Cuatta grouadaan, gualta aoailaaan, gua 
redaan, Poudaraaa 

TUW«L «TO SHAFT WCiti 

CTOUP  I 
(Undarground) 
Uadargrouad Laborara 

C»0CP  n 
itadtrgrouad) 
Draahaaaa, Cbuektaodar, 
Powdtraan balptr,  Puddlar 

C8(X)P III 
7Undarground) 

Nlppar, Scraadaan, vibrator, Tapaan 

CBWPJ» 
(Umiarground) 
Cutting aarblna operator, Drill doctor, 
Plnlahar, Cunltc gunaan, Mlaara,  Powdar 
aaU.up aas, Spadar k Tuggara, Staal- 
aan, Tlabaraan 

CPOI'P y 
(Underground) 
Cunlta groundaan, Gunlta noaalaaan, 
Cunltc rodaan 

CBQI'P VI 
Tuiiltrg round) 
Sklftar 

i.555 

4.68 

PRINCE BENEFITS PAYUFMTS 

t< 

5.03 

4.0 

i.» 

'4.63 

4.73 

5.03 

5.18 

.15 

• 15 

.15 

.IS 

.» 

.15 

.15 

.1$ 

.IS 

«Ktiom   vAcanoa   APP. ra. 

.25 

.29 

.25 

.25 

.25 

.25 

.25 

.25 

.25 

•••» 

.0% 

.0» 

i 
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Decision No. AK-2,013 (3) 

•*HU 1 

POWER tJlIWgWT OFfJUTORS 

Btoor 1 
Cbalnau; Rodaan 

CROUP II 
A*phaIt PUot PlraMfi; Br»k«««n- 
LoeoBotl*«; IXmrtVor Opartter; fl 
Hjdr«ulle Honltori KaUrUl Loader or 
CoDTayor Oparator; Partaao - Plaid; 
Grada SatUr - Rapalnan Kalpar - Flald 

BASIC 
HOURLY 

RATES 

FRINGE BENEFITS PAYMENTS 

H k •      remiom I V»C«TIOW | *PP- T». 

4.69 

5.09 

CHOUP III 
*lr Coatpraaior Oparator; Concrata 
MUar Oparator (»kip trp«) i Concrata 
Puap or Puapcrata Gun Oparator; tnfInaa ■ 
Dlnkay Oparator; Ganarator (tOO IU or 
evar); Mlxar Box Oparator (Concrata or 
Aaphalt plant)  (continuous alz or alallir); 
Puap Oparator; Salf-propallad, Auto- 
iMtlealljr appllad concrata curing 
■acLlna  (on atraatt, highways, airports 
and canals); Screadaan; Truck Crana 
Ollar S'S8 

CSOtIP IT 
Baliast Jack Taapar; BalUat Ragulatori 
•allaat Tkapar-Mnltlrla Porpoaa; Pront 
Kad Loadar op to and loeladlnf 1 c.j. 
atnuk K3C| Rolat Oparator - 1 Dnaaj 
Una Vkatar; Lubrication k Sartlc» 
IngUwar (MobUa * Graaaa Rack)) Slip 
far» 

CWDUP IV-A 
Haary Duty Rapali 
Paraaaaat Shop 

and Waldar 

.a 

.ii 

.45 

.20 

.20 

GROUP V 
ilr Caa^rassor Operator (two or aora 
coapraasars); Batch Oparator (Aaphalt 
Plant); Hotoraao; PaTotont Breaker 
Operator (Lnsco A slallar type); 
Sl^rUioiii OutUacar; SuM bibber 
Tlrad Tractors; Saall Self-propelled 
PneuMtlc Rollers; Towaraoblla Operator 
Heldin« Machin»  (2 or aore) 

5.51 

5.59 

.a 

5.59 

.a 

.41 

.45 

.45 

.45 

.05 

.05 

OTHUM 

.20 

.20 

.20 

.05 

.05 

.05 

.45 .20 .05 
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Decision No, AK-^0i3 (3) 

i 

•mi t 

£ »T« MI (»ft.!!! JdiMlkfii   (Com M) 

Qfr.CP V'l 
«-■'rf..-.-  In"«  Ir   '. juirer hols*.;  Ccr.rrete 
^v^     ■ ^ ; .r   ; r   ,.♦•   . f 1   an.t   -r.   s*i«Pt.i, 
M^nbB>?i,   slr;*rl9 ar.l    «f.air.;; 
I.ry.n**ir,   w.'*'fcol*tfI   Fork   L.fl 
{construct! -fi  -":   iltp,;   K. >jin  i^otder 
(«ni   s'.ci.nr,; HA^lnnli   Inlrrna'.   Full 
blih  Vlbratol   (on nrportti   !,:>:•»}*, 
canal*  and warehoasiifl . ; HlxersoLlla 
Operator;  Pip»  Ixr.dlnft Narhira Lp»iralor 
Fip« Cle^niiii! Ka'-nlne;   Kip«  mrHy^.nn 
Kacr.lnf;  Kb«4 Mliinf fjirr.'.r.r i:tra'.ori 
Roaa Carrlor,  or  siailar  lyp«j   .«Jill 
Rabhrr Tir«d Tra  tor   (with «t ••ctuaer.'. s # 

Includlrft tackhoa!;  oaall  Trartrr ulth 
Hoom; burfac« Haatar   (srir-propalladj 
U.adar t («rater  loar   '   e,y,  up to and 
Including ^ c.jr.  struck HH^i;  rtuer 
JUBOO tparator  (■ailing ailp Tvraa, 
ate.   In UtnatltJl  baaU   RuPtar Tlrad 
Tranchlng Machine 

cRoop vn 
bridge Craac; Chip hex j[.reaJar 
(flaherly tjr[« and  liBiXar) |  Concrete 
Mixer Operatcr   (paving or  batch plant;; 
Deck Ing'.nriirt   (Marine/)   Drilling 
Machine   i-purator   ixali  or OlatK.nr:,'; 
Dual   Drua HiXtrt| Elevating omcer OpT, 
fuller Kenjon  r^ap and  siallar  l/pes; 
Heavj Duly Kctar/ Drill R.ga  (auch #s 
quarry ■astc-,   joy drill;,  or equal; 
Hoist Operator -  i drjas ,   Irsiruaent 
Mao; Machanlral finisher Oporator 
(Asphalt or concrete/ ; Mine or  ^--aft 
Hoist;  Pa««Mnt' Ersakar (favaiMrii 
Hreakar xllh cospressor ooiit ir.ai;on; ; 
Pavaaent Breaker,   truck aou/iteu, 
coapreaa&r coablnatioo;  Kefrigerallon 
Plant;  i«!lf-l'rop«llBd  Pipeline, 
trapping aachlna   (Prrault,   CflC,   cr 
alailar types;; blusher Lperator; 
Tractor Operator  (ij.aep's   foil and 
OOB^ictlr.g ^jlfBeit;!  Trer-t;irig 
Machine;  Tr^clor-Ccupresscr Prill 
CoaMr.atlc-n;  No- Joint  Pip«  laying 
Maetlna;  I..1!   Hlgh-Llft   (4Ü  fl.   or 
ainilary;  Rolltr Cparator or  aaif- 
propalled conpactor 

FRINGE BF.NEFITJ PAYMFNTS 

5.94 

6.0i 

ITHSIONS  , VATfTION 

.ii 

.45 

.20 

.:o 

.05 

.05 

i 
\ 

1 

i 
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1 Decl»lon Wo.  A!C-2,013 (3) 

r 

I 

! 

I 

! 

I 

PL.T-H tjiifnm umuium»   (Cont'd) 
BASIC 

HOUKLY 
RATES 

CRt-Jif VII-A 
Sid« fcoc» i|)er»tori iiphall PUnt 
iBjjineer; Injtlneer Lrushlng Hlint; 
Trictor Op«r«tor  (bulldour,  scr«p«r or 
irtg-Xj;* snov«l  or too» iituch»«nt) 
(up to and  Ineluding !*•? or sl>ll*r) 

WJUP vm 
Do Hor Icuitir and .'dau tlagradar; 
Euclid Lcadiir anr1 slallar types; 
Chicago BOOB U'. eluding Stiff lag and 
shaer polajj rtti*t of Cartjri 
Coablaatlon iJusMf and Motor Operaotr; 
Cooerata Baten r'lant (Multlpla unit); 
Koabrlag Skoopar (or aiBllar,  up to Sc.k 
Struck MKC);  Loader Cparator over 2 e.JT 
up to and  Including 5 c.y.  Struck KRC; 
Mucking Macbina (Jparator; Sauman Type 
Oraglloe  (under 5   e-r- Struck MHC); 
Salf-Propallad Elevating Grade Plane; 
Soil Stablllier (P 4 H or equal); SuL- 
frader (autoaatlc aubgradar - rise - 
grader); Salf-Propellad Doo« type 
lifting device; Mechanical Trench Shlalf; 
Rubber Tirad Scraper (under 35 c.7. 
Struck MRC); Trl-Batch Paver; Tunnel 
(Mole or eluiUr) 

CRDOP vm-t 
Heavy duty Haaplraan or balder; Tractor 
Operator Bulldoiar,  Scraper or Drag typ 1 
Shovel or boos Attachaant larger than 
D-7 or ilailar 

gnoup II 
Coabtnatloo Mixer it Coapreaaor (Guolte) 
Hlghllna Catlaway Slgnalaan; Motor 
Patrol; Tower Crane  (Linden type or 
alallar dealgna and capacity)  (In the 
erection,  diaaantllng Jr aovlng of 
aqulpaaot there ahall be additional 
Operator Engineer) 

08031' I 

6.09 

FRINGE BENEFITS PAYMENTS 

.a 

6.35 

6.40 

KMSIONI VACATION 

45 .20 

.41 

6.i5 

Rlgfi Cablaway Operator  (Slgnalaan 
repaired);  Lift Sieb Machine  (Vagborg 4 
alallar typea);  Locoaotlve  (over 100 
ton»)   (alngle or aultiple units); Pre- 
Streaa wire Wrapping Machine;  Sauraan 
type dragline  (5 c.y.  Struck MHC and 
over 

APP m 

.05 

.45 

.45 

.41 

.20 

.20 

.45 .20 

.05 

.05 

.05 

I 
I V-51 
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Decision Ho. AK-2,013 (3) 

•IKEi I 

a^rtR EJliWmT CPIH^T'. :i^    Cont'd) 

SRCII^jf     (Cont'd) 
Tractor TAü'CX j^rtr^rb;   iM   10.^0 etc. 
ITsniPB V.-n^er) ;  L:i,versi»)  Equipment 
Operator   lar.ovel,   btekho*i  dragline, 
dnrrlr«,  derrick   Ur,:e,   cleajhell  crane, 
fradali,  etc.   Up U   and   IncluJln« '/ 
c,j,/   struck WtC j  Lea lee   (üv»r  } c.j.   up 
to and  IncludtA« 12 c.j.   Struck HRC) 

fiMLU 
Autoaatlc Concrete  ol!p  form Paver 
ICradeaettar,   bcraeäaan) ; Koehnng 
Skooper (or alailar)   (5 cu.  jrda. t over 
Struck MHC)j Multiple i'rrpulalon Power 
Unit Earth Mover«   (up to and  Including 
75 c.y.  Struck MRC;;  Rcaote Controlled 
Cranea and Derrick!;  Povar Equlpaaent 
with ehovel-tjrv« controls   (orer i cu.  jrd)s 
up to tad  Including 7 cu.  yd».    Struck 
HRCi Rubber Tired Scraper  (J5 cu.  yd», 
and over Struck MHC, ;  S«ir-Prope.Ued 
Coapactor  (with aultlple propulaion 
pwoer units/) Slip Fora Paver (concrete 
or aaphalt)   (1  operator and 2 seraedaan 
when required); Tandea Tractora; Tower 
Cranes Mobile 

CROUP II-A 
Multi-purpose Eartn Moving Machines; 
(Two  (2) or aore scrapers  (over 75 c.y. 
Struck NRC);  Power Shovels &  Draglines 
(over 7 c.y.   Struck HRC;  Loader oVer 
12 c.y.  Struck KRC) 

CROUP XI-B 
Operator of Helicopter  (when used  In 
erection work) 

BAMC 
HOthLY 

RATES 

6.57 

6,90 

FRINGE BENEFITS PAYHENTS 

.U 

7.62 

7.96 

•a 

PENSIONS     VACJ.TIOH     fPP   TU 

.45 .20 

.45 

.05 

.20 

.a 

.a 

.15 

.45 

.20 

.20 

.05 

.05 

.05 

a 

ö 

i 

i 
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Decision Wo. AfC-2,013 (3) 

[ 

1 
I 
I 
I 
I 
I 

_*RS4_i 

CTa7  I 
Chaluaai lodaao 

CSCl'P 11 
liphaU Pl»nt rirraan;  BraktaaD- 
Leeoaell?«i tltTitcr Cpantori rirtMB) 
HTdrtullc Koaltari KalarUl Loader or 
Convajor Oparatorj fkrtaaaa - flaldj 
Cj-ada SatUr - Rapalnao Halpar • flald 

BASIC 
HOUkLY 

RATES 

CRyjLLLl 
ilr Coaprauor Opantor; Crnerata 
MUar Oparalor  (aklp Ire») i Co-^rcta 
fuap or PuapcraVa Sun Oparator; Inflnaaj- 
Dlnkar Oparatort GanaraUr (100 KW or 
e*ar)| Kliar Bo« Oparator (Conerata or 
Aaphalt plant)  (coatinuoua mix or alBll^r)| 
Fuap Uparator; Salf-propallad, iulo- 
•altcalljr appliad eoaerata curing 
■aettna (aa atraata. btfhiiaja. airport« 
and caaala)! Scraadaaoi Truck Crana 
Ollar 

(allaat Jack Taarpari BalUat Ragulator 
■kllaat Taa^r-Multlpla Purpoaa) froat 
Had Loader «p to and laeludlag 1 a.jr. 
ttntck MIS | Rolat Oparator - I Dmaj 
Lisa HaaUn Labrteatlos ft 3«r»Ua 
■aflaaar (NakLU ft Qraua Raek)| »Xip 
tot» ruapa 

cwoup rv-A 
Haa»jr Duty lUpalnab and Ualdar 
ParaaaaBt Shop 

CWOUP * 
Air Ceapraiaer Oparator (two or aora 
coapraaaora); Raich Oparator (Aaphait 
Plaat)| Natoraao; Fa'aaant brrakar 
Oparator (Laaco ft alallar trpa); 
SlfBalnu.) ftiutUacar) £aall Kubtiar 
TU^d Traetorai £«11 Salf-propallad 
raauntle Kollarai Tu«anaobUa Oparator 
MaUla« Naeblaa (2 ar aora) 

5.89 

6.09 

6.38 

6.51 

6.59 

6.59 

FRINGE BENEFITS PAYMENTS 

.a 

.u 

.a 

.a 

.a 

.45 

.45 

.45 

.45 

.45 

.45 

.20 

.20 

.20 

.20 

.20 

.20 

.05 

.05 

.05 

.05 

.05 

.05 
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Decision Ho. AK-2,013 (3) 
j 

rc.m I^'JimEÜT OITMUHS    (Cont'd) 

CR.IP VI 
i-rrn« truck * tutgir holitt Coner«l» 
S«v>   (»«If Krop«llH unit on ttraatt, 
hUhkiji. «Irporti «nil c«n*U)i 
Initlnttr,   LocoBotl»«; fork Lift 
(ccnatmctlon Job iiuh lolt»n Uidtr 
(•nJ ilBllir); Kaflaoli  lnt»n>«l  KXl 
Slab ¥lbr»tor  (on »Irport»,  hlithviri, 
C«B«U and «irthoutti); Hlxanottla 
Cporctori rip* Bändln« Hachliw Uparatoi| 
rip« Cl«nlBf Kachln*; Pip* Urapplnf 
MacMna; Road Mlxln« Hachlsa Cparatori 
Ron Carrlar, or tüillar tjp*; Saall 
RuU*r Tlr*d Tractor (»Itb atuch^oti, 
Includlni Uekhe*)| Small Tractor «lU 
Boos; Surface N*al*r (.•lf-pn>p*U*di 
Loadar Gparator (ovar I tut* «P *• •■* 
Includlnt 2 e.j. tlniek MBC)| Poi.«r 
Juabe Operator (aattln« slip feraa, 
•tc.  la tunn*U)i Smmll RubMr TlNd 
Tr*nehln( MacbU* 

BASIC 
HOURLY 

RATES 

FRINGE BENEFITS PAYMENTS 

nNMOtra   vACA-ncm 

CT-UP YH 
BridK* Craa*; Chip Boi Spraadar 
(flahartr typ* and alallar); Coner»t« 
Nliar Op*r*tor (pavlnf or b«teh plaat)| 
Daek tnfUaar*  (Karin*) | DrUllni 
Maehtn*   l<p*ratar («all or dlaBond)| 
Dual  Dnia Mlxara; Il*»atln» Cradar Opr^l 
Fullar »«nyon Puap and alallar tfpaai 
U9*yj Duly RoUry Drill Riga (auch aa 
quarry Mittr, Joy drill» or »quail 
Nelat Oparaior - 2 dniaa; Inatmaaat 
Man; Hachanleal rinlahar Operator 
Uaptialt or conerata)i Nina or Shaft 
Holiti Pa*»a*Bt Braakar (Pavaaant 
Braakar ulth cAapraiaor aeablnatlea)| 
ravaaant Braakar,  truck aountad, 
coapraaaer coablnatlon; RafrlfaratiDa 
PUntt S*ir-Prop*ll*d Plp*lln*. 
Wrapping aaeblna (Prrault, CRC, or 
alallar tjrpai); Sluah*r Op*r»tori 
Tractor Operator (Sbaap's foot and 
•eapactlni aqul|a*nt)| Trancblng 
Kachln»; Tracter-Coaprtaaer Drill 
Ceablnatleoi la> Joist Pip* Uylnf 
M*ekLn*i Uli Hlfb-Ufi (iO ft. or 
alallar) i Rollar OparaUr »r aalf- 
propallad «aapaatar 

6.94 .a 

V.04 

.45 .20 

.45 .20 

i 

.05 

1 

1 

.0$ 

I 

n 
D 
D 
fi 
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Decision Ho.  AK-2,013 (3) 

—AIEA   2 

rt.r* tjUlFWIKT CtTHATOHS    {Cont'd) 
BASIC 

HOL'RLY 
RATES 

Sid» bütm t.r«r»tori iiphtll fimnl 
lrvKln»«ri  En((lnt«r CruiMn(t Pl«rl; 
Tractor tp«r«lor  (bulldoiar,  icrtpar or 
drt|>t7P* thoTOl or boo« tlucKMBt) 
(up to «nd   Including D-7 or tUllar) 

Qm.l'P VUI 
Do-Kor Loadar and Ida» llarradar; 
Euclid Loadar and aUllar tfpai) 
Chlcaito Bcoa (Includlnit Stiff la« and 
«haar pola)i Chlaf of Partyi 
CoatlnalloD Sluahar and Motor Oparaotr) 
Ceocrata batch riant (Nultlpla unlt)| 
Koahrlni Skoopar (or al«llar, up to ich. 
Struck HAC);  Loadar Cparalor o«ar 2 e.j. 
up to and  Includln« "> c.j.  btruck HKC; 
Hueklni »Uchlna Oparator; Saurmn Typ» 
DraxlUa  (undar »   t.y.  Struck KHC); 
Salf-rrepallad Ela»atln| Crada Plaoa; 
Soil Subllliar (P * H or aqual); Sub- 
(radar  («utoaatlc aubirradar - fUa - 
(radar); Salf-Propallad Booa tjpa 
llftln« dawlca; Haehantcal Tranch Shlalf) 
Rutbar Tlrad Serapar (undar )) e.y. 
Stmck HK); Trl-Bateh Pfctari Taaaal 
(Kola or alalUr) 

woap vni-* 
Haan duty Raaplnaa or kaldan Tractor 
Oparator Bulldotar, Serapar or Dra( typ i 
Shoval or Booa Attachaaot UrfT than 
0-7 or alaliar 

Coabloatloo MUar li Coapraaaor (CualU) 
Hlnhlloa Cab.«ay Sl(nalaant Motor 
Patrol: Tovar Craaa (Llndaa typa or 
aUllar daalipi« and capacity)  (In tba 
aractloo, dlaaaatltn« * moving of 
«qulpnaat Uiara ahall  ba additional 
Oparator tB(lBaar) 

cicap i 
High Cablavay Oparator (Slcnalaan 
raqulrad);  Lift Slab Machtaa  (Va|tber( « 
alaliar tjrpaa); Locoaotlva (otar '00 
too«)   (alr.'la ar auitlpl« unU»)i  Pra- 
Straaa wtra HrappUf I'^chlna) Saunaa 
I/pa tntlimm ii t.j. Strack NIC aai 

7.09 

FRINGE BENEFITS PAYMENTS 

.a .i5 

7.35 

7.40 

.20 .05 

.a 

7.45 

.45 

.45 

.20 

.20 

.05 

.05 

.45 .20 .05 

I 
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Decision No. AK-2,013 (3) 

•«AREA   i 

m.l* tJllPMVT CrtMT^FU     (Conl'4) 

CRg'f 1     (Confd) 
Tr«clnr T.nJ.i Wir«"!  W  'O-'0 •*«• 
(Tinlfa !prr«p«r)j l'ol»»rs«l  EqulpMilt 
Op«r*tor  (ihoitl,  tactho«, draxlln«, 
darrlck, dtrrlck tar««, el«mih»ll erM 
ItridaU, «te.  (up to tnd iDcludln« 5 
cy.)  itmck KHC| Lo*d«r  (cn>»r i c.r. 
ie aod  IncludU« 13 t.J.  Struck tOC) 

CBLUP  il 
«uloulle Concnl« Slip fora P«»»r 
(Cr«d*itU*r,  5crardMn); Koahrlnf 
Skoopar (or ilallar)   (i cu.  jd». * »*•' 
Struck KJtC)i Hulllpla Propulalon Powar 
Unit brtb Ha*ari  (up to and  Including 
7J t.j. Struck WIC); Reaota Control lad 
Cranaa aad Oarrlcks; >>Mar EqulpMnt 
with aho»al-tn>a eonlroli  (ovar i eu. Jfdf 
up to and Includln» 7 cu.  jd»-    Struck 
MIC; «ubbarTlrad  Scrapar (ii cu. fda. 
■ad e«ar Struck MC); Sair-Prepallad 
Coapacter (»Ith aultlpla propulaloa 
pvear ualtt)) Slip form Pa*ar (eoacraia 
• r aiphalt)  (1 epantor and 2 acraadaaa 
«has rtqulrad)i Taada« Tractorat Tonar 
Cranaa Hoblla 

MOUP XI-* 
Multl-purpoia brth Hotlaf «achlaaai 
(Two (2) or iiora acrapara (o»ar 7i e.j. 
Struck !UC)| Powar Sho»ala 4 Dra«llaM 
(o»ar 7 c.r. Struck KBC| Loadar wrar 
II t.j. Struck KKC) 

CKCTIP ll-B 
Oparator of RaltaopUr (whae aaad U 
•raailaa vark) 

BASIC 
HOUi;UY 

RATES 

FRIMGE BENEFITS PAYUENTS 

ptNiioat VACATK« AFP. r». 

7.57 

7.90 

8.62 

6.96 

.a 

.t5 

.ii 

US 

.45 

.»• 

.20 

.20 

.20 

OTHUa 

1 
I 

.05 

.05 

.05 

.05 'I 

I 
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Decimon Bo. AK-^,013 (3) 

ri!.«g»ivnc 

MOT? 1 
<•>    Aiiiicant  Co Kngimcr (Flrraao, 

OU«r.  DaeUum-)) 
(b)    CoaptcKor Opantor (Clactrtcally, 

gas or diaaal powarad, ate.) 
Ce)    Track Crane Ollar 

CIOPP t 
Operator of Tuiyitr liollt 
(UoUting aatcriaU only) 

(a) 

(k) Cwpreaaor Operator (2  to ») 
(Klactrlcalty, «>• or diaaal 
pcM«r«ri)| Cancrator op.   (alactrlt- 
aUy. «a* or diaaal drlvan,   100 
C.H.);  ruap op.  (2 to 6); Welding 
McblM op.  (2 to 6)  (Gaa or dlaaa , 
pawarad) 

BASIC 
HOURLY 

RAVES 

FRINGE BENEFITS PAYMENTS 

9»0CT i 
■*" Fiaaaa; Dack taglneer; Ferk Lift 
Oparator; Salf propallad Booa Typ« Lift' 
1^ Dvrlca 

CMOP 3-A 
Baarjr buty Upalnao and/or Welder 

QtOVt 4 
Opantli« Ei^loaar In lieu of aaslstant 
to eoglMar tending bailee or ceaprMtor 
•ttac^ad to crane pllcdrlaar; Opantor 
•f niadrlTlB« rlga. tkld or floating & 
darrtcb barvaa; Operator of diaaal or 
gaaotlM pswarad Crana Plledrlver (»/o 
boiler) op to 4 Incl.  I cu, yi,  rating; 
Track Craaa Op.  (up to ii loci.  2S tone) 
(h»latlng Mtarlal only) (aaalatant ta 
a^laaar raqulrad) (not driving pllea) 

Operator of diaaal or Raaollna powarad 
CraM Pllodrlvar (Wo Isllar) ovar 
I cm. yd.  ntleg; Oparatar of Crane 
b/ataca.  f Usb boiler,  p"»P or eo»praaao : 
attach); Op. of ate«« poaarad cantor 
•r Uolvaraal Type Ortrer (Kaywnd or 
alBlUr type); Truck Creaa Op.  (over 2J 
tana (Koletl^ aatertal or parforatng 
plladrtvlng «mk) 

5.60 

5.83 
5.92 

6.35 

6.50 

nnuomt   VACATKHI   APP. m      oniu* 

6.69 

6.96 

7.33 

.a 

.a 

.a 

.a 

.tx 

M 

.a 

7.*3 .a 

.45 

.45 

.45 

.45 

.45 

.45 

.4$ 

.4$ 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.45 .20 

.05 

.05 

.05 

.05 

.0$ 

.0$ 

.05 

.05 

.05 
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Dacision No. AK-2,013 (3) 

I 

jtaal Erection 

CEOCP \ 
AttliUnt to InflMrr (Olltr) 

GVmf | 
A«iUi»t to ■■(Inatr (Truck Cnoa 
Olltr); Coapraoeri CaMrater, 
gatall>9 «r dt»Ml 4rW*B (100 W) 

CaivrtrieTi. MMnton •/•» MUUf 
»McMcti or Cadiluatlca (J t» *)| 
Dtck InflMtr;  IcitrvMBt Hui 
Sl«ulMn (u«Lr4 MCaJialccl «^ulp- 
MBt)|  fork Lift 

CBOPP » 
ttmrj butj ■tpalnuj TTMUr Of. 

ctoor *-* 
eSSiStUM Mavr »»«> »apalw««! 
«aldar 

CROur s 
■A* FrM ft torn Tncki taaa Cat» 
Ckletl« toam; Cnwlar Crami i 
Trot! CruM» (IS tW» B.r.e. or Uii) 
S«Urni«lIad ».«» Trpa liitU« 
D*T1C*I SluU Dm Lalttl Tugfar 
Relatl CkUf •( Party 

CIWF» 
Crmlar Craaat k Track Craiat (»»»r 

IS taaa a.r.Oi Darrlcu (2 aja. 
r«qqlt«< «kaa nlt% a; gtra raaou ' 
trca kaUDi bl-iiUaa Cblway 
(llfMlau ia«iili*tf)i Twar Craaaa 
M«kll«l Dalvartal Llfbur k Tcnar 
Craaaa (k aUtlar trr««) da tM 
•ractlM. <lt«intlti; k aorltg of 
•^ulpxat,  Uara iball ba «a »AJl- 
tlaaal Oparatlpg kBglaaar)! TV« ar 

On« lolat 

C10*r I 
Oyarator of BklUertar 

BArc 
HOL'CLY 

RATES 

FRINGE BENEFITS PAYMENTS 

HO«      nRaoM | VAC »nor   *PP. TtL OTHt» 

5.90 .a M .20 .05 
■ 

6.16 
1 

.a .4$ .20 .05 

6.63 .a .45 .20 .05 

6.94 .a .45 .20 .05 

7.13 .u .45 .20 .05 

7.« .a .45 .20 .05 

7.73 .a .45 .20 .05 

8.77 .4 .45 .20 .05 

'' 

D 

"I 
D 

1 
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Decision Ro. AK-2,013 (3) 

Peoroduced from 
k% available copy best ava 

—tau i 

Tun..;. UiilVil!.-. 
nwc 

IOUHI.V 
KATKS 

CU}'I' TfrJV«;;  . Wilff  Icvol Cnpiclty 
(t«tl .■> ml or  ildj)   (Inrluillnr 
Pu-T-ler Truck:.,  Luclld l^"  trueki, 
Turrvivironj,  T..raireeli«ri 4  Uuaper«U ) 

Less than 6 /nnis 
8 jrard« <• loss than U yards 
U yards A less llian 35 yard« 
3) yards & less than 55 yards 
55 yan's & loss than 75 yards 
75 yards 4 less than 95 yards 
95 yards L loss than 105 yards 
0»«r 105 yards 

Uh«n«««r doubles or» used, the drivers 
will bo paid under the appropriate 
yardage schedule as outlined plus 2H 
per hour. 

When three (]) or «ore trailers era put 
late operation, use the appropriate 
yardtce rate as outllnsd above plus 2if 
par hour for tb» third Ord) and each 
tddltlonsl trailer which is pulled tf 
oae power unit. 

WheaeTsr additional power units are 
used and operated by one driver, he 
•hall receive an additional SOf per 
keur for operatise auch equlpMat« 

FUT RACK TRUCKS, Buli Ceaent Traeka, 
Transport Trucks, Seal-Trailer (Cany 
lag capacity): 

riekup 
Less than 10 tons 
10 tons li lens thaa 1} tone 
1} tens It less than 20 tone 
20 tens it over 

Haployee. driving any of the above on 
Flat Rick Trucks with Winch, Hoist 
AlUchnonts or *A* Prnaos shall receive 
1,125 additional per hour when such 
wlneh hoist or 'A* Frsoes «re la use 

drlvsrs load and unload usck cMeent, 
•iploslves arVor railroad tlee w hit d 
U»r »baU receive 1.15 per hour sJdi- 
Uaoel for actual hears workel. 

FRINOF. H' ;••! lITSI'MNIffiT» 

Hk» 

5.30 
5.45 l1 

5.60 
$.90 
6.00 
6.20 
6.40 
6.52 

.10 

.JO 

.10 

.30 

.SO 

.10 

.10 

.SO 

rcNtiONi   »»can»"   »r* T* 

.20 

.20 

.20 

.20 

.20 
-20 
.20 
.20 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

omiis 

5.125 
5.20 
5.35 
5.45 
5.60 

.30 

.30 

.30 

.30 

.30 

20 
.21» 
.20 
.20 
.20 

.10 

.30 

.30 

.30 

.3« 
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Decision No. AK-2,013 (3) 

•un* i 
■IMa aHIVERG - CONT'D 

f«'.!C 

kAu:S 

TWN.-IT HII TRUCWl 
41  yarls eop«eitV * !"• ,   ., 
(Arr A?  rrl» cn-cll/ to 4 locludln« 

Over fe,'  /»rüs 
Concret« puEplng trucki 

WTiil, FbXL 4 OIL im TOJCKS: 
0 to   1?00     r>U0h9 
1200 to 2500 gsllon» 
2i00 U) AOOO jolion» 
4000 to tOtt giiUoa» 
6000 jallona to !•■■ UM« 10,000 
10,000 gmllons to ItM ttan li.000 

15,000 pllon* to !•■■ th»n 20,000 
»Uons ^^ 

20,000 galloai to !••• Ui«o 25,000 
(•IIODI 

Ortr 25,000 gilioni 

WtatMTor two »tor Unki or« puU«J, 
drl».r vlU r.c.1« 25* por hour ta 
•dditleo to th» eo»bliio(i «Ur c«Uoo«» 
imU«. 

Oil SprMdor OpW»tor (en «IBCI« "■ 
oporatloa whor» boot MB I» Dot 
roqulrod) 

COHSTRUCTIOH JOB SOWICDOIIi 
T«l..eople Kinilf t Tmck 
fork Lift (uiKlor 6 tow) * Str«*aM. 

Truck 
Truck Drlfor Holpor 
Cbcuffour« 
Buskor 4 Truck Uxdori 
Ikrohoutawn (CounUr Clork) 
M«r«hou»f»»n   
Uaihon, Cre«»er« * TIMBO» 
Cat Station Attandaata 
Perk L!rt (0*«r 6 tona) 
Iktorlai. Cnpioaar 
TMBstar i'schaole 
Taaaatar Mechanic Halpar 
TaamaUr Waldar 
Taautor Driving Tuo Horaaa 
TcasaUr Drltln* Thro« or HOT* lloraoa 

5.325 

5.A/5 
5.525 
J.525 

5.175 
5.30 
5.4J 
5.75 
6.00 

6.25 

6.50 

6.75 
7.00 

FRINGE BENEHTS PAVMEIITS  

6.00 

5.50 

5.50 
5.075 
5.075 
5.20 
5.25 
5.125 
5.275 
5.075 
5.60 
5.42 
6.31 
6.06 

Mi 
5.175 

.50 

.JO 
.30 
.10 

.SO 
• JO 
.SO 
.SO 
.SO 

.so 

.10 

.10 

.10 

nnacmt   V*CATIO»   AP». 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.so 

.so 

.so 

.10 
.10 
.so 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.SO 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

1 
1 

0 

.20 

.20 

.20 

.20 

." 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

.»0 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.» 

.10 
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Decision No.  AK-2,Oi3 (3) 

••4fi=i_i 

TRUCK DKIVLKS 
BASIC 

HOURLY 
RATES 

FRINGE BENEFITS PAYMENTS 

H k ■ PBHIlOtH     VACATIO»    APP  T». OTHEKl 

DUH1' TRUJKS - UsUr Laval Capacity 
(bottoa and or »iaui  llncluulo^ 
Ouapitar Trucks,  Euclid IfP" trucks, 
Turnauugoos, Turnarockara 4« JuapcraUf; 

Use tian 8 yards 6«?° 
8 yarda i lass Uian U yards 6.45 
14 yards 4 lass Uuin 35 yards 6.60 
35 yards & lass than 55 yards 6.80 
55 yards * laas  tban 75 yards 7.00 
75 yards 4 less tnan 95 yards 7.20 
95 yards 4 lass  than 105 yards 7.40 
Ofar 105 yards 7.52 

Whanevsr doubles are usad, the drivers 
will ba paid uodar the appropriate 
yanlaga acbaduls ss outlined  plus 25* 
par hour. 

Uhen thraa  (3)  or »ore trailer« srs put 
Into oparatleo, use the appropriate 
yardage nta as outlined above plus 25* 
par hour for the third (3rd) aod each 
additional trailer which Is pulled by 
one power unit. 

Ubaaaver rtdltlonal power units an 
used and opera tad by oaa driver, ba 
•hall receive an additional 50* par 
boor for operating such aquipaaat. 

FUT RACK TSUCKS, Bulk C«Mnt Trucka, 
Transport Trucas, Saml-Trallar (Carry 
In« capacity): 

Pickup o«125 
Lass Uan 10 tons 6*20 
10 tons 4 less than 15 tons 6.35 
15 tons 4 less than 20 ton« 6.45 
20 tons 4 over 6.60 

IfeployMs driving any of the above on 
Flat Rack Trucks with Winch, Hoist 
Attachaants or "A"  fraass shsll recall a 
1.125 additional per hour when such 
winch hoist or "A' Cranes are in use 

Whan drivers load and unJoad aack caaant 
•xploaivas and/or railroad ties by hard 
they shall receive (.15 per hour addi- 
tional for actual hours worked. 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.30 

.30 

.30 

.30 

.30 

.30 

.^0 

.SO 

.30 

.30 

.30 

.30 

.30 

.20 

.20 

.20 

.20 

.20 

.30 

.30 

.30 

.30 

.30 

V-61 
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DeciöiOQ No. AK-2,013 (3) 

•AH>:« 2 

TRUCK JRIVEIÜ - l-üNT'U 

TRAWr.IT MIX TRUCK3: 
44  jfarJ» capacity u  lass 
Over i.* yard» capacity to it Including 

b^ yards 
Over 6^ yarda 
Coocrat« puaplng truckn 

MATUl,  FUEL I. ÜIL TANK tBUCKS: 
0 to 1200    gallons 
1200 to 2500 gallons 
2500 to 4000 gallons 
iOOC to 6000 gallons 
6000 gallons to laas than 10,000 
10,000 gallona to laas tbsn 15.000 
pilous 

15,000 gallons to lass than 20,000 
gallons 

20,000 gallons to lass than 25,000 
gallons 

Ovar 25,000 gallons 

Whanatar two watar tanka ar« pullad, 
drivar vlll recalls 25# par hour Is 
addition to tha ccablned uatar galiooag 
nUs. 

Oil Gpraadar Operator (on aingla «an 
oparmtlOn wbara boot nan It not 
roquirad) 

CONSTRUCTION JOB SmiCDCN: 
Talaacoplc Kanllft Truck 
Fork Lift (undar 6 tons) & Straddla 
Tni.;k 

Truck Drivar Ualpar 
Chaufftnra 
Bunkar 4 Truck Loadara 
Uarabousaatn (Countar Clark) 
Warabouaeaaa 
Ussbars, Graaaara * Tlraaan 
Caa Station Attanda ita 
Fork Lift (0»ar 6 tons) 
Hatarlal Eoglnaar 
Taanatar Macbanic 
Taarutar Hacbaalc Halpar 
Taaiiatar Waldar 
Taaastar Driving Two Horssa 
Taamstar Driving Thraa or Mora Horaaa 

BASIC FRINGE BENEFITS PAYMENTS 
HOURLY 

RATES Hk« r«»BOKS VACATtOH ATP. m omm 

6.325 .3C .'0 .10 

6.(2} .10 .20 .10 
6.525 .JO .20 .10 
6.525 .10 .20 .10 

6.175 .10 .20 .10 
6.30 .10 .20 .10 
6.45 .10 .20 .10 
6.75 .10 .20 .10 
7.00 ..10 .20 .10 

7.25 .10 .20 .10 

7.50 .10 .20 .10 

7.75 .10 .20 .10 
•.CO .10 .20 .10 

7.00 .10 .20 .30 

6.50 .10 .20 .10 

6.50 .10 .20 .10 
6.07} .10 .20 .10 
6.07} .10 .20 .10 
6.20 .10 .20 .10 
6.2} .10 .20 .10 
6.12} .10 .20 .10 
6.27} .10 .20 .10 
6.07} .10 .20 .10 
6.60 .10 .20 .10 
6.42 .10 .20 .10 
7.31 .10 .20 .10 
7.06 .10 .20 .10 
7*31 .10 .20 .10 
6.075 .30 .20 .10 
6.175 .30 .20 .10 
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*H1ZA 1: 

•«CM 1: 

UTAH 
AR£A DEFINITIONS 

for 
Truck Drtvtrt & Opratlnn tn^lneer« 

All anal not Includod within Area   I •• defined below. 

All «mf  Included In the deecrlptlon defined below which 
li bated upon tewnehlp and rangvllnea at referenced to 
the Salt Lnka City Baa« and ftirldlaa: 

•nein, at the Intrrieetlon of the ttah-Havada border and the  Northerly 
Una of Township 3«S,  theoce aaaterly alonK the northerly lines of Township 
36S to the Northeast comer of Township 36S,  Ranga  17W. 

Thence Northerly to the H.U. corner of township 35S,   range  l6Wt 

Thane« Easterly to the N.B.  corner of townanlp JSS,  range  16 W; 
Thence Northerly to the N.tf. coraer of township 31S,   rang« IS W; 
Thane« easterly to the N.E.  comer of township 31S,  rengc 15 H: 
Tbeno« Northerly to the N.W.  comer of township 26S,   rang« U W: 
Thence Easterly to the N.E. comer of township TiS,  rang«  14 Hi 
Thenc« Northerly to the N.W. comer of  township 25S,  range  13 M; 
Thence Easterly to the  N.E.   romer of  township 25S,   rang«  13 W; 
Thenc« Northerly to the N.H. comer of township 24S,  rang« 12 W; 
Thanca Easterly to the N.E. comer of township 24 S,   ran;« 12 ¥• 
Thenc« Northerly to the N.W. eorn»r of township 19 S,  rang« II H- 
Th«iie« Utterly to the N.E, corner of township 19 S,  range  11 W; 
Tbane« Northerly to the N.H. comer of township 17 S,   nnge 10 Wt 
Thane« Easterly to the N.E. comer of township 17 S,  rang«  10 W; 
TIMBC« Northerly to the N.W. comer of township 16 S,  rang« 9 W; 
Thenc« Easterly to the N.E, comer of township 16 S,   rang« 9 Vi 
Thane« Northerly to the N.W. comer of township IS S,   ranga 8 V; 
Thane« Easterly to the N.E. corner of  township 15 S,  rang« 8 W, 
Thane« Northerly to the S.W. corner of township 7 S,  rang« 7 W: 
Thonc« W.stcrly to the S.W.  corner of  township 7 S,  nnge  10 W; 
Thane« Northerly crossing ths Sslt Uk« Base Una to the N.W. 
eenter of township 6 N,   range  10 W; 

Thane« Easterly to the N.W. comar of  township 6 N,   rang« S W-, 
Thenc« Northerly to the N.W, corner of  township 12 N.  rang« 8 H; 
Thenc« Easterly to the N.E. comer of township 12 N,  rang« 6 W; 
Thane« Northerly along the Westerly line of  ranga 7 W to the Utah/ 

Idaho border 
Thane« Eastsrly along th« Utsh/Idaho border crossing  the Salt Uk« 

Msrldlan to the Intersection of the I'tah/ldaho/Wyosilng borders 
Thenc« Southerly along the Uuh/Wyonlng Bolder 
Thenc« Easterly along the Uuh/Wyonlng border to th« E.«terly UM 
of  rang«  HE; 

Th«ne« Southerly along th« la«  Una of  range II E, crossing the 
Salt Uke Base  line to the N.E. comer of township 4 S,  ranga II 1: 

Then« Easterly to the N.W,  corner of township 4 S.  rang« IS E; 
Thenc« northerly to the N.W. corner of  tovnKblp I S,   rang« IS E; 
Thence Easterly «Ion« ths S,lt Uke  Use tine  to the N.E. comer 
of township | S,  range 24 E; 

?K!I^! !OU'h"1>' " "» *•*.  comer of township 3 S.   rang« 24 || 

Utah/Colorado border; 
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Thenr« Southerly »Irng  tin  Utih/Colorado borda^ to th« South«rly 
line of  tPurshlp 6 S; 

Thence  Westrrly to the  K.E.   comer of tounthtp 7 S,   r«n|«  ?3 t\ 
Thence  Sriitherlr to the  S.E,  comer of  town»hlp 7 S,   range   ?J E; 
Thence  Westtrly to the  S,W.   corner of  township 7 S,   ntipt  20 K; 
Thence Southerly to  tie   S.E.  comer of  township B S,   range  19 1; 
Thence  «esterlv to the S.S,   corner of   township 8  S,   range  16 E; 
Thance Southerly to  the S.E.   comer of  township  11  S,   range  16 I; 
Thence Waaterly to the S.E. comer of township 11 S,   tmng« 16 l| 
Thane« Southerly to the S.E.  comer of townahlp 16 S,   rang« 1* I; 
Thence Westerly to the  S.E.  corner of townahlp 16 S,   rang« 12 I; 
Thence Southerly to the  S.E.  comer of township 20 S,   rani;«  12 B; 
Thence Westerly to  the  S.E.  comer of  township 20 S,   rang« 8 E; 
Thence Southerly to th«  S.E.  comer of  township 21  S,   range 8 E; 
Thence Westerly to the S.E.   comtT of township 21  S,  range 6  E; 
Thence Southerly to the  S.E. comer of township 21 S,  range 6 E; 
Thance Westerly to the  S.E.  comer of  township  23 S,   range S E; 
Thance Southerly to the  h'.E. comer of township 27 S,   range J t; 
Thence Easterly to the N.E.  corner of  township 27 S,   range 7 Ij 
Thence Southerly to th«  S.E. comer of township 30 S,  rang« 7 ■( 
Thence Westerly to the S.E.  comer of township 30 8,   range 4 l| 
Thane« Southerly to the S.E.  comer of township 31 S,  rang« & I| 
Thence Westerly to the S.W.  comer of township 31 S,   range 4 E; 
Thence Southerly to the S.E.  comer of township 35 S,  rsnge 3 E| 
Thence W.sterly to the  S.W,  corner of township 3S S,   range 3 *; 
Thence Southerly to th« S.E. comer of  township 37 S,  range 2 Ej 
Thence Westerly to the S.W.  comer of township 37 S,   range 2 E; 
Thance Southerly to the S.E. comer of township 39 S,  rang«  1 I; 
Thane« W.sterly crocitng the Salt Lake Meridian to th« S.E, ceraar 
of township 39 S,  ran^c 2 W; 

Thane« Southerly to the S.E.  corner of township 41 S,   rang« 2 Wj 
Thance Westerly to the S.E.  comer of township 41  $,  range 4 U| 
Thence Southerly along the Easterly line of  range 4 W,  to the Utah/ 

Arltone border; 
Thence Westerly along the Utah/Arliona border to the 8.W. corner 

of Utah; 
Thence Northerl) elong tlie Utah/Nevada border to the point of 

baglnntng; 

Coanenclng at  the  intersection of  the Utah/Colorado border aod the 
Southerly line of  tcwnshlp 34 S, 

Thence Westerly to the  S.w. comer of township 34 S,  range 21 E; 
Thence Hottherly to the S.W.  comer of township 29 S,  rang« 21 E; 
Thane« Westerly to the S.W.  corner of   tot/nshlp 29 S,   range  19 E; 
Thence Northerly to the  M«  comer of  township 23 S,   rang« H If 
Thence Easterly to the N.W.   comer of  tcvnuhlp 23 S,  range 22 E; 
Thenc« Northerly to the   N.W,   comer of towncblp 21  S,   rer.:;« 22 l| 
Thance  r.,s:erly to the  N.X,  corner of township 21  S,   rann* 24 E| 
Thence 5( itlerly to the  N.E. comer of township Jl S,   renge  24 E| 
Thcncr Kicrerly alri't the Northerly Una of township 31  S,  to the 
Utsh/Coloiedo border; 

Thence Southerly «long  th« Utah/Colorado border to the point of 
beginning. 
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APPENDIX VI 

PROGRAM LISTINGS 

SUMMARY 

This appendix contains the FORTRAN listing of the computer program 

developed for simulating the Layout Tunnel and listings of all tunneling 

subroutines. Definitions of common variables used in these programs are 

given. 
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I. COMMON VARIABLE DEFINITIONS 

CflMwOM   /ILT.P'*/ 0AjaMr|ru<;/FL*'".<i   THAT    CHbW   WITH   TI'«F 

I 
I 
i 
I 
I 
I 

ni)HMY(?oi 
HF«TJ 
irxTA 

IFILi) 

JUMI^ 

JUMOilT 

KSTOP(?Sl 

K1JNLO 

LOAns 

LST1P 

LVFHCL 

"ACilN 

MrAoc 

MCV 

yruanc 

M'-,<;( n 

MKIN 

MLKIT 

MWJ 

XWJM 

NO&PL 

NCHB'i 

BTl) 
|.r,t»0llN0 SUPPORT FALLFN 

NOT   'ISFD   AT   a^r^r-JT 
HfAT   Anirf,   n   ID'JNFI.   FXfl«   WATf»   JFT(OP   PrfD.IFfTILF) 
«TAT'IS   VASIASL«    r,1w   f>»ail*m   miPPOBT 
qrHnn FxCAV»TO«>»0-RW0ukin SUPPO&T NOT HfHtNO 
FLA'",   iMnir.MI1'".   iI^fr-A^r.F   APFA   IS   FUlfri 
i-^T<!CHABHF   »-»PA   FTLLFO.O-OtSCHAUfif   »«F»   SOT   FILLFI) 
STATUS   VAPtA^l^   row   DRILL   ''■'">   -LAST   MOVtW  OF   JU^O  "«ILL 
Tn rftcr       o.MOVl"1   IN f'Por.PFSS.   i-"nvlNr, CO^UTfO 
STATUS   VA^IASLF   'OB   JPILL   AND  "LAST   «-WING  JJHMO  DPILL   FPO-  FACF 
O-'OVINr.   IN   apnr.PFSS.l-wOVINC-   COMPIFTED 
RF»eON   FOP   TSAtN/TmiC«   I    TO   HAVE   STOPPFO 
(Srr   »PPPNUt«   IV.OfSC^IPTIOM   OF   PAIL   SYSTEM) 
F(.«ft F'ij usnAOt'm  IN oisCHAwr-f   AUEA 
0- I' 
STAT'lS   VABIAaLF 
r»rrFnrf,,o-LOf,i^^   CAPACITY   MOT   FxCrFOFT, 
MAciNC   LOAi)r»S   AMI   SHOVFLS      1-LOAOING   F INI SHKn.O-LOADir.r,   IM 

FLA^TrSHjT   noxM   0^   WI3   'IP   LONG   HAUL   T«« INS/TPIICKS   STSTFM 
i-cvsT^^   SHUT   m JS.P-SYSTF'*   UP 
STAT'lS   VAPIA-MF   ^00   LO-iG   HAUL   I«A INS/TWMOS        O-VFHirLF   NOT 
„;',, i!IL"   FO»  t OAnt^.U-lM-MU   TO   0-   VEHICLE   AVAILAHLF   FOP   LOAOI-m 

rn ,IVAI F'lC    (LV>_H(-L.LT3ATh.LTr'iir^) 
STAT IS   i/Ä<<I«aLF   e<)a   CONVFTOiJ    (LOVG   HAUL) 
l-Mf.i'jT-'^A';"17   I'J p^'-.'-^Fss.n- MApiifJANrE 

CTJVYOPILO'IG   HAUL) 
HP  «n T  FXCfF^Fn 
INTEGwATED   CGMvFYO"   LOAllFW    (OP   '-lArHlNE 
l-'AI'iTFNAvr.F   IM   PP;.ui'r:SS,0-''Al'viTFNAf:CF 

l-UMLOAOING   STOPPFO. 

' '   '   "     ''iNtfr.lUTCn   CGNVfvOW   LOAHF«      I-LOAIK'-   TAPACITV 
VA-.tABL«"   ALSO   USFD   FOB 

(■f.^PLfTro 
0-CAPACITV OF   HFLT   NOT 

•;(U ISO   STOPPFO 

STATlS    tfABIA'L»   ""O11 

F«rrrnr',, i-CAPATTTY 

STAT'lS   vi-MAOLi-   c-'i- 
LOArir'^   AMO   SHP\/rI.S 
COxPL'Tcr, 
-"LAG   TT    fiGIFAT.-    SMO^T    HAllL    ^AIf"IALS 
n-'i^T    STOP»*"*.!    "u   GJFAK-    TiA'     ^STOPt'FO 
1 = 1,S        STATllS   VA-MA-.LE   Fiv   rWOlilin   SUPPiVT   TYPE   I 
t»l.»|0   SHMPO»T»t«<»o«l)CK   HOLTS.I = l-SHOTruETF.I='.-ST«;EL   SETS 

B^MAI-JTrNANrF   f ^"^L tTF-i.l-^Ar-TFNAMCE    IN  PPOOBfSS 
STAT'lS   ViPlAau«   rn»   M»CM|ti«   LOAorss     I-MUC^SS  COMPLEIFO  MOVE 

TO  FACE   .C-' IC<F5S   MOVE   TO   FACf   Pi   PBnr.uFSS 
STATJS   VAWJAauF     FO-   -AGHlNF   LliOFPS     l.-ufKEPS   ro-.'LETFn 
wnyF   FTV'   FArF.O--"r'\F='S   Mtivf   FPOH   FACE   IN   PCUG^FSS 

STATUS   ^.Mt-L^   r'l-   H-OJPrTILE   Af;n   »ATt«   JET      0-OPEPATING. 
1   ^C   r.JfATE"   T^A^'   1    -STO-JPrO 
FOl'TVAL^NiT C^PI .«Kj)  .„ 
STATUS   VA?I»St«   ^W   *'ATF5    IFTIOP   P9<1,)rCTtUnfl»««INTC«»*>*Cf   IN 
OBor. = FSS.l-,',AlMrNAMCE   COMPLETED 
ST1T IS   '/A-IIAHLF   "OP   -^osITIOMlNf.  WATFP   JETOW   PPOIFrllLFl 
«^»rslStTIONl'lG   T-i   OrfO'-.'JrSS.I-PEPOSITinMMG   CCPLFTEO 
STATUS  VAtilASLF   FO»   i'fO.I'CTItC     O-^AP-^EL   "rPLAn-FNI 
j.ufl3J<r|    ^rpLArr'jr.iT   Cn''OL-TFO 
FLAG   T"   lOOKATE   FrniF"   >»UN   AWAY   TGLfMANCE   E»CFFriEO 
l-T-i c-PSNCF   riirrrnFn.0-TOL«"-ANrF   NOT   f«rEFr^o 
STATUS   VAPIA^F   TO»    JPILL   AMO   "LAST   rnAPwE   SFTTI'.G 

IN   PPOGPtSS. 
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NOattL "'«Ttl«!   V^IÄ-'L'-   "OP   .VUL   ftNO   '.LAST        O-nMLU'li.   IN  PKOOPE^S, 

NO^ILP STATMs'^l'lABLr^or^ILL   vm  »L^T   6-SIKIN  CUT  nmUNf.   IN  P»or,prss 
(•RIIRN   TUT   SBILLW   COM'>LrTFO 

MSPLIC STtTJS   tf*RI»1Uf   PO"   C0NVrTÖ9(l.9H0  HAML)      O-SPLICrNG  BELT   COWPLFTfO 
.i|s(r^i|M    TO   i--OLiriJr,   ^PLT    IN   POOnuFSS 

i«yTCH STAT'IS   VA^U^L-"   mo   TriÄINS/TBIJCKS .„,,«u 
ö-««tTCH  MOVr   IP   Ann  cn^Lf TEO. l-SWITCH  BEING   A|.nFn.?-SWlTrM 

RFING   "OVFfl 
FOMlvALf NCE 1"^ ■•■Tr-H,r(Sii(CH) 

NTOOA NUMOra   or   TPAIMS   IN   OISC^A^r.F   A(-FA 
NVfHCL Mixorfi,   OF   T^AI- =./TWI)CKS   »CIIVF 

Fnun/ALENCf   (fiV(:KCU«NTi»AIN«Nf»UCKJ 
MIIMSWT Nllviorft   or   SWTTrnrS   IN   TPAIN/fPUCK   ^r«;TFM ...„ . 

AVF5*lif   LOAHinr,   VOLUME   PATE   fO»   «ACHINf   LOAOEOS   »NO   SHOVELS 

f PC T «* 1/HOI)ü 

VOL'l-t   OF   WATK-    10nrO   TO   TU-JUfL   fo.lM   WATER   JFT FFtT»»3 

FF^nrfi   ^UN   A'dAY   TOLF-JAMCF«   FT 
SWJTCMCn)        LOCATHN  OF   SwiTrnr«;        FFET   FROM  DISCHAIGE   APE» 
yrrCS) C"l«MLATIVe   CIST   FOP   TPAI'I/TJIICK    It . „   „, 
TOP(aS) CUMiiLATIVF   Tl"r   IN   nPF^ATION   FOP   TPAIN/TOUCK   I        MOUPS 
TSTAT(?S.<')      CUvP-NT   STAT JS   Of   TK 4 I>I/T-<I)CK   I 

kOimiFMrF   (T^TATiI ISIAT) 
(^rr   »poc^rilK   iv.nrc,CKiIPTriN   OF   PAIL   SY^TE") 

iiTt«rf»<t Tl<iF   of'AlNnr,   I'l   U^tOAOINfi   OF   TPAIN/TOUCK   I.   HP 
«8« OISTANCF   FPO.   OlSOa^e   APFA   TO   f.POUND   SüPPQPT   POSITION     FEFT 

CPMMOM   /«.FWCOM/ IIPOATFO   VALUF5   OF   THOSE   VAPI4RLFS   IN   /OLOCOM/ 

fTiuMMY»?") IIPOATFO   VALUES  OF   OUMMY<?0) 
FHFATJ uPOATrn   VALUE   OF   HFATJ 
LlFXCA ils-üTPO   VAL'IF   nr   IF»C4 
LIFILO lieniTfO -VALUF  "F   IFILLO 
LJIIMJUJ UPn^TcO   VALlir   or   J1IMIN 
LJIIMOT UPntTEO   VALHf   nF    l'l'i.")l)T 
LK^TOP^) IIPOITfl   VAL'IF   OF   KSTOP(?S) 
LKliNLO tJPOATFO   VALUE   IF   KUWLO 
LLOADP DP^ATEH   VAL'ir   OF   LOAOP 
LLST'IP IIPOITFO   VAL'ir   OF   LSTJP 
LLVHCL (JPOATFO   VALU--   OF   LVFHCL 

FAIIVSLFNrF   iLLVHrL.LLT^AN.LLTtirK) 
LMATON DPOST^O   VAL'IF   "F   •<»(-i),l 

LMCA''C IIPOSTEn   VALUE   OF   »fAPC 
LMfV IIPOATFO   VALUF   FO»   "CV 
LMFLAC i|P-)ATEO   VAL'ir   OF   MFLAOC 
LMOSd) UPOATFO   VALli«"   FO'   «OStI» 
LMKIN i.'POATFO   VALUF   OF   w*li, 
LUij^OT i)pn«Tfn   VALUF   nF   "UKUT 
LMWJ UPOATFO  VALUE   OF   «wj 

FOUIVALFNCF (LMf'I »L^WJ) 
LMW jv, UPOATt'T   VALUE   0F   MW IM 
LMWja IIPOATFO   VALUF   nr   M^JP 

LNRA^L IIPO.'.TFT   VALUE   ^E   '•(MA^L 
LNHYHY UPOATfO   VALUE   OF   LNPr^y 
LNCHPO UPOATFO   VALUE   OF   MFMrfr, 
LMODIL UPOATFO   VALUF   OF   NOPILL 
LNOPLR IIPOATFO   VALUF   OF   NOPILP 
LNSPLC UPOATFO   VALUF   nF   NSPLIC 
LNS(<CH IJPOATFO   VALUF   OF   \SwC-t 
LNTPO» UPOATPD   VALUE   OF   NTPOA 

"O pIVALENCE   (LVTPOAtNTO»» 
LNVMCl UPOATFO   VALUE   (IF   «IVFHCL 

Er IIVALFNCF   (L'IVMrL.LNTB»N,LNTPUK> 
LMMSxT l/P^ATFO   VALUF   OF   WS'IT 
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FQl '.in",M-n  i/tt.'iP r"'  ''l 
►-0W4TO I.IOT.TFO   VftLHr OF   QWATH 
F<;M UP^ATFI")  VSLHF HF   SM 
FSWTCHI?«) UP^aTFr)  VftLHF OF   SWITCH(?0) 
FTFC(?S) UO^iTFI   VALHf OF   TFr(?S) 
FT()P(?5l UP^ATm   V4Lllf OF   TOyi?1;) 
FTST4T (?'^'') U0ri«TEO   VSLIU" nF   TSTAT(?St*l 

FO ||V4Lf.MrF (FTSTaTfLT'lTAT» 
FIITJMF(?,!) UPOATFT   VALIJF nF   UTTME(i9) 
FXT.«; UPOATEO  VALIIF OF   XGS 

COMMON   /ALL 

«T 

STB 

IA 
POO 
cs 
TAMR 

FLOW 
IFLAG 

AT 
0 
OTORNT 
OT 
OV 
n« 
r 
ICHSG 

«fMNf. 
TCMNG 
IMOVE 

JMFTH 

O^PCT 
PS 

»FPO»T 
«;K 

T 
TMA« 

TO 
ToajNT 
T<;MFT 

xni^CM 
«MA« 

xo 

/ r.FNFOAL   DATA 

MAXIMUM   OlSTANrf   FPO^t   POSTAL   ASSOCIATFD  WITH   THE   TOLLOWING  SIX 

CON^ITIO'I1;        .FFFT 
ilNC."»NFI\ri)   c.'ff-'H'-^'^l'lf   STUFNOTH   OF   POC*.   1.E3  IH/\U*'2 
POC<   AMJASI^F   iNorx 
POCK   'JdAUITY   OfSI^MATIO'.' 
I«l   «ITU  OENMTY   IF   »OCXS.   I.B/ET»»! 
jM^rMi   jfuuFJATliPE«   OECPEF";   FAHPFNFHIT 

WATF*   INFLOW  RATF,   r,PM 
FLAf.   (N9T   USFO   AT   PPfSENT) 

EOJI VALENCE   (G(l).XTI•(G(«).IFLAG» 
CPI«^   SFCTIONAL   A^^A   OF   TUNNEL«   FT»*? 
nTAMrjrp   OF   TU^N^L.   FT 
TIVIF   BFTWFFN   PulNT   OUT   OF   WOHKINC,  TOMMON        HQUPS 

XI«r   lNC-'E«rMT,   H^ 
VOL'i''E   Of   BfifK   BlOll»^N   IN   OT.   FT"T 
AOVAVJCF   OF   FACF    IN   01.   FT 
fN'SSV   PFi(iJI*Fn   OF0   WOCK   VOLU«N   RPO'EN.   IN-LR/I.E3   IN«»3 
FLA»",   TO   INPICATE   THAT   GEOLOGY   HAS   CHANGED     0-GFOLOGY   NOT   CHANGFO 

.l-r.fOLOGY CHA'GfD 
HFAOTNG POSITI-»! OF LAST GEOLOGY PAPAMFTr» CHANGE   FT 
TIwr F5Ti 

C:'6»T IF »UN OF LAST GEOLOGY PAPAGEIE«  CHANGE   HOUPS 
FLAG TO INnir«TF MfTHOO OF LONG HAUL MATEPIALS HANOLING 
l.JAIL^.^-TPUC^S.l-HfLTS 

FO IIVALENCF i T'OVF.JMOVE) 
FLAG Tl INOICAT» «FThOO EOS POCK EPAGMENTATI ON 
I.aAjpjr, yaCHl :F.?-cLASI.T-WATEi< JET .«.-PPOJECT ILE 
FOJlVALENCF <.I,|FTH, IMFTH) 

FPATTITI OF TOTU COST F04 OVEPHEAO 
PO^Fi JATF. «/'W-HP 

roiIVSLFNCF (P'.PCI 
Tjvir I'lT-PVALS .-.rr.'FFN INTEPIM PFPOPTS (HOMPS) 

POC SV^LL FACT3' 
TI«r, HO 
MtXTMIH TIMF FOP CIIP-»FNT SIMULATION BUN. HP 

INITIAL VALUE TiF T   -lOIUS 
POpgT OUTPUT W'TN TiI^'INT« HP 
TOTAL SiiFT TIM. Pf» DAY    HOIIPS 
POITTIT-I OF TAT F = OM DISCHAPGE ABEA.ET 
OISTd-ICF Fsnvi TU"-i<M. POSTAL TO FMSCHASOF A'EA   FFET 
MAXIMUM GISTiNfF FO« CUPP('ir SIMULATION •»UN. '<■ 1 
INITIAL VALUF OF »     FEET 

COMMON /DOPING/ 

=IOMFN(I) 

ROPING "ACHlNE ACTIVITIi-S 

►jilM.-.rp r)f   WFN tN LAHi.P CAIFGOPY I (IxHO) FOP HOPING MACHINE 
SYST-'' 

«OCST(I)     HOLPLY COST V   "i'N [N LAOOP CATEGOPY I FOP MOPING MACHINE SYSTEM 
CLU)        LIFF OF CUTTFW*,   FF£T OF C")T^K TRAVEL 
CPC CO<;T PF» CUTTE" . » 
DTA TIMf TO ASSEMBLE ROSING MACHINE. HP 
OTC TI«F .,rT.EEN F.1PING ^ACiINE MAINTENANCE PFBIODS. HO 
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i 

men 
OTD 
OTM 

fTBANS 

LNCMNG 
LNCOTR 

MASSEM 
MBH 

MSOBE 

MCO 
MOISAS 
NCUT(l) 

PRH 
R(100) 
PC 
HPM 
T9 
<(EA«(I) 
XCPC 

THF TO CHANGE POKE D16MFTE». HP 
TIME TO OISAW^LE 90RIN0 MACHINE. HR 
DURATION OF qOPI-IO MACHINE MAINTENANCE. HR 
rncT OF BORING MACHINE UNIT/FOOT OF EXCAVATION 
COST OF TRANsSrSMON LINES/FOOT OF EXCAVATION 
NllMBfR OF CUTTFRS 

^•^.^orcST^^CH^OE^S-CUTTER CHANGE CO-PLETEO. 

l-CUTTERS BEING CHANGED 
FL«r, TO ASSF-BLE BOOING «ACHINF 
FLAG FOR BORING MACHINE MAINTENANCE      B„.0.,, 
« u.rnTrwAMrr rn«PLFTFO.1-MAINTENANCE IN PROGRESS 
F^AG'TO iSoiCATE STATUS OF BORING «»CHINE O^U.'.UNEQOAL 0 = nOMN 

"sE^A-ENOIX ,V.DESCRIPTION OF CONTROL PROGRAM FOR LATOUT TUNNED 

FLAG FOR CHANGING BORING DIAMETER 
FLAG FOR OlSAS^BLY OF BORING "ACHINE 
WMPPH OF THF CUTTER TO BE CHANGFO ON THE I TH CHANGE FOR THIS 

TIMf CYCLE  1=1.^0 
ROTATIONAL HP GF BORING MACHINE. HP 
PAOIAL LOCATIONS CF CUTTERS. IN 
CUTTEfl REPLtCFMENT CRITFRION, PERCFNT WEAR 
PGTATIONAL S°£Fn OF BORTNO HEAO. RPM 
TIME TO REPLACE ONE CUTTER. HR 
WEAR OF CUTTER I  (1 = 1.1001  „ , „„ .„. 
CUTTER BEARING COST. PERCENT CUTTER COST 

COMMON /»LAST / DRILL ANO BLAST ACTIVITIES 

AHB 
AP.H 
CHIT 
CBURN 
CCAP 
CEX 
C 
CPL 
CSTEEL 
LBIT 
LBURN 
LD 
LOB 
LSTEtL 
MEN 
NO 
NOR 
NH 
NHR 
PF 
POH 
POO 
SE 
TCHG 

TIN 
TOUT 
TYPfPF 

WOL 

AR-A OF SURN CUT RFLIEE "OLE. IN«»2 
ARFA OF 9RIFTE» MOLF. IN««? 
ORIFTER BIT COST, i 
COST OF BURN GJT. t 
COST OF FIRING CPS t/CAP 
COST OF EXPLOSIVE l/LB, 
MISCELLANEOUS COST t/HOLE 
COST OF PRIMER    t/LBS 
COST OF STEEL. I ., „.,, 
AVERAGE LI^E OF WILL BIT. FT OF TUNNEL OUG 
AVERAGE LIEF OF BU'N BIT.  FT OF TUNNEL DUG 
AVERAGE OEPIH OF DRIFTER HOLES. FT 
AVERAGE DEPTH OF BijON CUT HOLES. FT 
JvloAOE LIFE OF cTFrL. FT OF TUNNEL DUG 
NUM«EI» OE MEN OR AUTOMATED UNITS SETTING CHARGE 
Mtm*r* OF DRIFTE0 DRILLS 
MHMBCH OF BURN CUT DRILLS 
M.jaarp OF O'lETE0 HOLES 
H'.yR^B   OF BURN CUT HOLES Toe' 
POWDER FACTOR. LD/YD««3 
POWER OUTPUT OF BURN CUT DRILL« HP 
POWER OUTPUT OF DRIFTER DRILL   ..,„.., 
APPARENT SPECIFIC FNFRGY   IN-LRS/IN»«3 
TIME TO SET ONF CHARGE. HR 
TIMF TO MOVE IN JU"B0 AND ALIGN. HR 

;iDICTA?ES0E^LOMVr?0'HEVED OPTION.-^.HMONIUM NITRATE 

OPTION?-0 = DYNÄMITE „C/„, C 
AMOUNT OF PRIMER PEP MOLE. LBS/HOLE 

COMMON/NJET/     WATER JET ANO PROJECTILE ACTIVITIES 

BLT 
CPRRL 
CSTPRJ 

BARREL OPERATING LIFETIME      HOURS 
COST PER BARREL FOR PROJECTILE GUN 
PROJECTILE COST     t/PROJECTILE 

] 

i 
1 
1 

i 
i 
0 
:i 
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I 
1 
I 
1 
1 
1 
I 
I 
1 
1 
I 
1 
1 
I 
I 
I 
I 

njMwjM JOH VUTC-^IAI. CiST nr MÄi-jiniA'irt  PhJioi) rnj HATF-* JFT 

(OS  »HOJFCTtLEI J/MitNTCNA^CI  PF^lüD 
I1N07Z JFT   Mn77UF   OIAi'FTFS INTHPS 
nTCJET T'«F   HFTWfFN  MAIMTfMANCK   PFoI0n<;  f OP   WATEP   JET (OP  PPnjrCTlLE) 

HO JPS 
DTujET LF^TH   IF   H»INT£*IANCI   PpPIOO  FO»   WATFR   JET (OH  PPOJECTILF) 

HOilOC 
DT^ JET TI«r   OMJATION   OF   ^FPOSI T ION INC.  0oFSATI0N   FO^   WATFP   JFI 

(OB   3^0 IfCTILFt        HOURS 
FNFUOj JFT   f^F^^)Y   »FQilpED   PF»»   VOLUME   OF   SOCK   SPOKEN 
FTAON PUOJ'CTILE   OUN   FFFICIFNCY 
FTAJ FFFTCKf-'Cf   OF   -ATF»   JFT   OEVICE 
?-TäIMP Efc"I^IF^g^Y   Of   TPS'iSMITTT'lO   Jr T   FOFOOY 
FTtI"T FFFiriiNCY   OF   T» tN<;« ITT IMG   PPOJFCTILF   f»jepr,Y   TO  POCK 
MOOFJ MO~iF   OF   OPfSATTON        0-CONTI'll)OnS   JFT. l-IMTFHMl TTANT   JET 

Mr,i)NS MI|^3F»   OF   Pin.^CMLF   OiJ'lS 
MJETS NiWPFP   OF   irATes   JFTS   OPFRATING 
PN077 W4TFP    JFT   \U77Lt   PUFSSUPF BSI 
son PIJL^F   RATE   FOrf   i<ATFP   JFT        PULSFS/M IM 
p^jPM PPOjrciILf;   GIN   ri   T'lG   ►'ATF P«0 Jt c ( i'.r/M IN 
PULSEO PIJL^'"   Oil^ATIOM  r%i   WATFP   JFT SFrONO". 
TORSL TIMF   TO   »fPlACF   0A^«hL   F 0^   PPOJFCTILE   GIN        HODk'S 
\jfi_o»j PPOJFCTILE   SJFT) FfFT/^FC 
VÖI.MJ PPOI^CTILE   VfHjlWF INCHES»».! 
^PPJ      . PPOFCTILE   WflOHT L«S. 
XSJFT «nVAMOF   OF   TlW'Et   HFFOWF   MFpflST TIONIMG   OF   HJTEP   JFf(OM  PPOJFCTILE» 

i«; pfomoEO       FFFT 

COMMON   /"HCFLS/        TPATM/T3(jrK   AMO   SHORT   HAUL   MATERIALS   HANOI INC.   ACTIVITIES 

At 
AF 
AMA« 
AMA«L 
A"INL 
HSL 
CAPCAP 

CP 
Of 
OF 
OTAS 
OTMA 

OTH 
ECC'JEO 

FCONSS 
FL 
FLOCO 

FMlfCKC 
FPM.'. :NT 

r«;,lTrrt 
fT,V.CKM 
FilNLOAO 
FC 
FP 
FT 
HPA 
HPFA 
HPFV 
HPFA 
HPCV 
MPV 
IIHOWF 

ISniZSI 

PFi<   ACCFLFwiTir.vj,   r'.;PTY.   MPH/H 
PFAlf    ACCELtRAT ION,    FÜLL,       MPH/H 
MAKr<l(M   f.CCFLF-ATir>'i.   «PH/H 

'>\i]v\)'t   LOAOINr,   AP^Ai   FT 
MINtMIJ«   L    AOPII.   AWfA   uFOijiBpo«   FT 
niSTAiJCF   HfTwFoj   SflTCHESt   FT 
CAPACITY   OF   CAr'   1»   TRUCK.    Y0»»1 
COST   OF   FUEL   OP   PO.^FP   TO   O-MVF   TPAIN/TWIICK      »/HOUP 
AV^nsor   l)fCFLFUATIO'I   RATF,   fM^TY.   "PH/M 

AVFPA^F   OFCFLFJiTIOri   wATF.   FULL.      MPH/H 

TIM»   TO   ASSF^JI F   CAI.IFOC-NI A   SWITCH.   HR 
OAYS   -IFT'.VFtN   MtIMfflAriCF   ^FPIO'IS.   OAYS 
TIMf   TO   IINLOAO   ONF   TRAIN.   «R 
COST   OF   rOMVFYOR   FOMIP'-'FNT/'FOOT   OF   F«CAV4TT0N 
COST   Of   SUPRORTI'K,   ST^UCTU^F   FOR   COW-LOAD/FOOT   OF   E«C»VATION 
FFFicif'.'CY   or   L^CixOIIVF   OP   POwfP   TRAIN 
COST   OF   LOCOMOTIVE   HUT t/HO'lP   i)SF 
COST   OF   MilC<   C^o »/HOUR   OF   MSF 
COST OF MAI'JTF'IASCF SHOP FOP PAILS »/FOOT OF FICAVATION 

CO^T nf   SKITCH     i/F.iOT OF FxCAVATION 
COST OF TR»C< "ATfBIULS    »/FOOT OF E«CAVATION 
COST OF iiMOAVi'-. EOUIPMfNt FOR PAILS    t/FOOT OF EXCAVATION 
F:IFL CONSUMPT I'IM PATF. CAL/HP-HP 

POLL TNG PFSISTANf-F FACTOR 
TPAfTIO'l COFFFICIFNT 
PFA* HP AVMLAnLr FOR ACCFL FPATI ON. HP 
POrffR CONSUMPTION RAIT« PEA« ACCFL. EMPTY. HP 
PO.TR cnv,ii«p; JON RATE, PEAK VFL. FMPTY. HP 
PO^fR C.-iNSnMPTlON RATE. PFA< ACCFL. FULL« HP 
POWP» CONSUMPTION RATE« PEA" VFL , FULL. MP 
PiTEO MP FOB CONTIMIOUS OPERATION, up 
FLAf. TO INOICATF STATUS OF "OPING "»CHINE 
EOlIVALFNCFdlROPF.MitORF» 
(5rF A33EN0U IV.OFSCPIPTION OF CONTROL PPOOSAM TOP LAYOUT TUNNFL» 
INOICATFS WHICH SWITCH TPAIM I IS IN 
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TB*ts nBTion,,,i«oifSfL« ?»rtFCT»ic uocn 
LfjDP TPiT'l   P^lO-.-ITY   I'l   I'll"   WEtlf 

MC 

MftXLn M«1CT>«1»M   MIMqrR   nr   TWAINS   IN  LOM'iMC,   4PF* I 

MC Niivnrp   nr   »«Lf-.   'F*   '«UCK   CA" | 
ML NijMPrtj  OF   a<U^  "F"  LOCnxOTIVF 
MLTVP INniriTFS   lINimnM?)   OO   CONTMl;ni/S(l)   CONVEYO»   SYSTFM 
Kirto'i MiiMor«  OF  C»'*; PM  Ti»4IN ' 
NPOINT NDMafO   DF   SOINTS   IN   rCDPVX-TCUWVV   I»BLf 
NTn u««TMIIM   ^U«'(rS   O»   T"4INS   IN  OISCHA^F   «"EA 
MTINIT INITIAL   NU««FR   0^   TOAINS   IN   SYSTF" 
NT.' i»Jt*fM   NUMRF^   fir   TOAINI   IN   MAINTFHANC   ARFA 

NTU4X »IAäTMIJ'I   NUMHF»   0«"   TWAINS   AW4ILAHLF 
„p niSTANrr   Ct-ITFSIIN  ru»   NTMRP   AND  NT-LPP 

NTMILP NUMB?«   DF   TRAINS  OF«  MILF   FOP   x.LE.KP 
NTMLPP NliMnE^   IF   TSAlhS   PF»  ^ILF   FOR   X.r.T.«»» 
NTBACK TPACK   OPTION...USlNr.LF.   ? = 0nuBLF 
HimLO Niixarp   nF   T3« I'/T JijrK   AT   FAFF ... 
Our VOIi'Mf   CAPACITY   ^F   WAIN.   FT«»3 
BAMFNIT) NU-PFP   OF   MFN   IN  LAP.O^   fATMORY   I    (1-1.10)   FOW   «AIL   SYSTEM 
picSTII. MO.IPLY   COST   OF   -AN   IN  LAMOP   CATFF.OPY   I   FOP   *»IL   5YSTFH 
5L LENGTH   OF   CALUOPNU   SWITCH.   FT 

Vc?:*1™ Z^Altici^l^T^y   HAUL   MATERIALS   HANOL.NO     HOURS D 
TMCV TT>»F   BETWEEN   M« INTENANC«"   PFRIOOS   FOR   SHORT   HAUL   MATERIALS 

TM4INT O.PATION   OF   «MNm.ANCF   PERIOD  FOR   TRAINS/TRUCKS HOURS 
TCURVM?") WFLOCITY   FNT5Y   I"!   VFLOCI T r-VS-TPACT IVE   FORCE   TArtLF 
lcuPvJ'?o! TPACTIVF   FOPCF   -iT^Y   IN   VELOCITY-VS-TRACTIVE   FORCE   TA«LE 

TwE 'WEICHT   OF   E^PTY   T9UCK«   TONS 
vf,' VFLOCITY   IN   OISCHAPr.f;   APFA.   MPH 

VS VFLOCITY   IN   S«!Tr'i,   XP« 
VE PEAK   VFLOCITY,   F'^PTY,   «PH . 
yr PEA"   VELOCITY.   FULL.   "PM 
,,M4X MA»I«i)'«   VELOCITY   ALLOWFO  FOP   TPAINS.   MPH 
wc WEICHT   or   E-'PTY   '"IC*   CAWS,   TONS 
WHY(2«) REASON   FOR   STOPPING   (HOLLERITH) 
-M, MMfJiiM   «.(C^INr.   '4TF        TUNS/HOUR 

mlc WEICHT    CAPACITY   IF   VAIN.    TONS 

WL HF|r,MT OF LOCO-OTIVF, TONS 
ins SPEFO OF M0V1NC CALIFORNIA SWITCH, ET/HR 

COMMON/CONVEY/ CONVEYOR(SHOPT A^O LONC HAUL) ANO MACHINE LOADER ACTIVITIES . 

Lt\ MUC* FLOW CROSS SECTION, FT««? 
• ru MAXIMUM CROSS SfTinN OF CONVEYOR STRUCTURE. FT««? 
CSMENU) 5>"ir» or «FN IN LA"OR CATFCORY I (1 = 1.10) FOR CONVEYOR LOAOER 
llclVtU HOURLY COST OF MAN IN LA"0R CATFC.ORY 1 (LI.10) FOR CONVEYOR LOADER -. 
OMAINT JO« MATERIAL COST FOR LONC HAUL COMVFYOP MAINTENANCE 

t/MAINTFNANCF DF'IOO 
OTRS TIME TO 00 A H'LT SPLICE(LONC, HAUL)     HOURS 
OTCR TIMF RFTWFFM MMNTFNANCF PFRIOOS FOP CONVEYOR (LnN% «»UL)   HOURS 
OTrS (f.jr.TH OF MAINTFMANre PFR10PS FOR CONVEYOR (LONf. HM.LI    HOURS -, 
„11;, TIMF TO MOVE MI1C<F-S TO THE FACF (FOP MACHINE LOAPFRS ANO 

OTMO Tt2rrTft,'«0VF MU'C'ERS AWAY FROM THE FACE(FOR MACHINE LOAOEHS 

OWM TrtVt*«V'*Ui.FO HFFW M»HlTFIirt«C» SCHFOULEO FOR CONVEY0BIL0NO -. 
HAUL) (ALTERNATIVE TO Mi^TENANCF CRITERIA TO OTC«)  TONS 

cr MOTOP ANO SFIUCTTON EOUIBMENT FFflCIFHCY 
I, ifirTH OF FFCOFH FOR CONVEYOR SYSTEM (LONG HAUL)   EEfT 
FLM MA.'lMUM [ENOT^OF FfEOER BEFORE «ELT SPLICE IS NEEOEOILONG HAUL 

rONVFYOP)   'ISFO IF NOEO (GEOMETRY INOE«) IS ?     FEET 

LH:SURG       fClÄSSS^^^EWÄr  .-SURGE MN CAPACITY EXCEFOEO. 
0_S HOF HIN CAPACITY NOT EXCEEOEO 

[1 
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! 

T 

r 
D 

NGKO 

Nf-EO 

NSU9GF 

PC 

JC 
OF 
f)P 

SMIN 
5TIME 

VKI 

WP 
XE 

«LF 

FL«'-,  r-fii»   HFlT/^aTL   K*TrNS|ON      1-MTf'JS inM  SHUT   OOyf» 
r,F0«rT^r wmFL IWFX FüM CONVEYOR? SYSIFH 
l-rONTt'lUOU1; E«TrNSI0N ASSUMES FFFOER FXTENQS FULL LFNCTH OF 

?-CONTINMIOUS EXTENSION  ASSUMES FFFOFk CONVF.rO» EXTENSION IS SHALL« 
(F'.afl) AND FMPIIfCi JIJTJ SHAF! OICFCTLY 
l-CYCLir E«TF'JsnN USING MINIMUM ANO MAXIMUM ALLOWAMLE 
niSTANrr FOO« FArr FÜ" HELT 
GFD«"TOr MOOfL rmfX FOB TWAIM/TPurK SYSTEM 
WONTINUOUS E«TF>iS|nN.?-CrCLIC FXTENSIOV 
STAT'IS VAOIAP'.f fOft LONG HAUL CONVFYOB SYSTEM 
l.i;ipr.E RIN EXISTS FOB EXCESS  MUCK.O-NT $U»<*8 HIN FO.J EXCESS 
MUCK   (LONG MAUL CONVEYOR  ) 
FOOIVALFNCFISJ.P"»      SfF rOMMGM/ALL/ 

»vt'aiir   m»L«INn  ^AIF   tA"AHILITY   OF   MACHINE  LOADE"       FEET»O/H0ilR 
SII'Gf   RIM   CA^ATITY FFtT««l 
VOLUME nF MUCK m RF IAKFN OIT OF O» PUT IN SURGE MIN FEET»»J 
PEA' VOLUME 3ATF OF CONV^YOC. FT»»1/MB 
niSTANCF HETWEfN FACL ANO CONVEYOR STRUCTURE. FT 
TIM»- TO SWUFH irilTS WHFN USING MACHINE LOADERS »NOSHOVELS 
rflTH A UNIT|7Fi1 SY?TfM OF LONG HAUL HOU^S 
RELT SPFFO. rT/MIN 
RELT WIOTH. TN 
ESTI«ATFO PEAK T^N^'AGF BATE. TONS/HR 
RAIL/iFLT EXTENSION «ATr, FT/MR 

EOJlV«LENCr IXF.XOE» 
FLIGHT LENGTH, FT 

COMMON /'■.»NO  / GBOil'.'O SUPPORT ACTIVITIES 

0 

1 
I 
B 
E 
i 
\ 

FRRORI 
FSCPLA 
GOG« 
G-FNIII 

GCSTU) 
GSFTOO 
:.
C
LOS 

1ST 

IAS 

MAXPSr, 

ossfI^O.O) 

RAT^^R 
PATFSC 
RATFSS 
UCS 
ursc 

COST OF ROC* Brl 
COST OF SHOTfRF 
Ti«- nrtifVi 0' 
NijMorp  nF   MEN   I 
SYSTEM 
H0J3|.Y   COST   OF 
LEMf-TH   IF   GPOtl», 
GBOusjo  ciiPPOaT 
MAJ03   GVOIPIO   Sli 

3-S-;5TCarTE.'»-s 
AOrilTIO-jAL   G30'i 
?-3nrK HOLTS.i- 
S!l.i-I = 1 .N NO. f 
OR =0 IF Dt* AUi 
B»I«A3Y GHOU'lil 
rp&'.^i-ITATIO^   F 
on? OF  lf;sTALi 
PiTF OF   INSTÄLI 
RAT«1 OF   U.5TALL 
COST OF   STEFL 
COST OF   SHOTCRF 

LT   03ILLS t/MOl|R 
If »/HOUR 
O'INO SUPPORT MAINTFNA'ICE PERIOOS  HOURS 
N LAMOR CATEGORY I 11=1.10) FOR GROUND SUPPORT 

MAN    IN   LAUG»   TAU 
-)   ctpBOPT   MAINTE' 
FfET   LOST   DUE   TO 
PS.-JOT   TYOF   Hf ING 
irc-i   SFTS.S-LAGM 
NO  «iiiPPOUT   TYPE   " 
SHOTrRETE.'.-STFFL 
F   MfTHOOS   OF   ROCK 
T   TARLE   IS   TO  RF 
S-pan^T   TA>iLF-SUM 
OR   FACH  POO 
ATIO"  OF   »OCK   ROL 
AIION  OF   SMOTCHFT 

AT ION  OF   STFTL   SE 

»/LR 
TF    «/YARO»«3 

r.OPY I FOR GROUNO SUPHOBT SYSTFM 
^^XE Pröioos   HOURS 
Pnr» niSINTEGRAIION STOPPEO 
USFO  l-NO SUPPORT.I-HOCK BOLTS. 
Mfl 
FING USFO  l-NO SUPPOHT. 
SFTS.S-LAGGINf. 
OISINTFGRATIUN FO» "UOiH 

USFO 
1=1,N NO. METMOOS OF POCK 

MAXIMUM OF M 
TS (ROC'ROLTS/HOURS) 
E   YAROS«»1/H0URS 
TS   STEEL SETS/HOuBS 

COMMON /FNVC  / FNVIBON'ENTAL CONTROL ACTIVITIES 

AMC(IO) MAIMUM ALLOWABLE CONCENTRATION OF GAS(N»( PARTS PFR 10»»* BY 
VOLUME  PErA)LT = 0 

CK* CONOUCTIVITY OF AH   RTU/MR FT OFGF nFF*ULT».0|47 
CP» SRFCIFIf HEAT OF AIR    PTU/LH OEG.F 
EVFNTP COST OF VENTILATION RLAKT   »/FOOT OF EXCAVATION 
FKO FRKTION FACTO» FOR OuCTING     nFFAULT»2,0»»-9 
FKT FRICTION FACTO" FOR TUNNEL   DFFAULT«! .<»••-* 
HEAT HEAT AflOEO TO TUNNEL IN OT FROM MACHINERY RTU 
MAXMEM MAXIMUM NO. OF MFN IN TUNNEL »T ANY T1MF    DEFAULT »0 

Raoroduced from 
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I 
I 

00 

00R 
omio) 
OM 
REF«»*T 
T» 
in 
TOTMP 
TROCK 
VAMAX' 
VAMIN 
VCMCNM» 

VCCSTM) 

ii 

MINfU«« AIR VOLO«F »ATE PE» DIESEL MORSF«»0«R PFO.RY LAKJCFM) 
nFFAIILT = 106.«.13'>,TOIHP 
OFSIIN »F0UI5E»'FMT OF AIR WOLUMF RATE <CFM) 
VOLUME RATF OF mxlC r,A«i(N)  ENTFPING TMNNFL ICFMt  nEFAl|LT=0 
MliiMÜM AIP VOLil^F PATE PER MAN PFOUIRFO BY LAW «CFH> OEF»llLT.?nO 
COST OF MECHANICAL REFRIGERATION PLANT  «/«TU DEFAt)LT«a.0F-6 
AMHIFNT TEHPFRATURF AT PORTAL  OFG.F   OFFAULT =0 
nE<'aeo AI» TF-PFRATURE AT TUNNFL FACE f>F6.F  OFFADLT =«0. 
HAxi^ll« TOTAL OirSEL H0OSEPO«P IN TUNNFL »T ANTTI«E  OEFAULT-O 
ROCf TEMPEPATUCE  OFGREFS F 
KAXIMUi WFLOCITV OF AIR AT TUNNFL  FACEtFPMI  nFFAMLT-IOOO 
MI»II«UM VELOCITY OF AIR AT TUNNfL FACE  <FPM)  OFFAI)LT«S0 
MUMPER OF MFN IN LABOR CATEGORY I «I»I.10» FOR VFNTILATION ANO 

HOUP'^COST^F MAN IN LABOR CATEGORY I FOR VENTILATION ANO 
COOLING SYSTFM 
DENSITY OF AIR   LBS/FT"3  OFFAULT».©?«; 

COMMON/ PFRFRM/   PERFORMANrF OF SYSTFM 

riMHTlM CUMULATIVE DOWN TIME OF MATERIALS MANGLING ACTIVITIES  M0,,"s„, 
?COT M CUM LAT VE OOWN TIMF OF ENVIRONMENTAL CONTROL »CTIVITIFS  HOURS 
IcuTIM CUM LAT VE il» TIMF OF ENVIRON-FNTAL CONTROL ACTIVITIFS   HOURS 
MOV AVERAGF AOVASCFVlRING MAXIMUM AOVAMfE OAY   FFEI/OPERATING HOUR 
M?G POSITION OF FACE FROM PORTAL AT START OF MAX ADVANCE OAY.FT 
60AY NUMBER OF DAYS SINCE EXCAVATION STARTED AT END OF -AX ADVANCE DAY 
GFNO HEADING »OSITlnN IFFET» AT END OF MAXIMUM AOVANCF DAY 
MDTIM ClIMULATIVE 00-N TIME OF GROUND SUPPORT ACTIVITIES   HOURS 
GsSuM C MÜCAT VE U» TIME OF GROUND SUPPORT ACTIVITIES   HOURS 
ROOT « CUMULATIVE OOMN TIMF OF ROCK DISINTEGRATION ACTIVITIFS   HOURS 
SnuTlS cu3uL»tl«l ""TIME OF ROCK  DISIHTEGRATION ACTIVITIES     HOURS 
UMHT M CUMULAT VE UP TI«E OF MATERIALS HANDLING ACTIVITIES   HOURS 

COMMON /MONEY / COST ITFMS 

OJM 
OJMRM 
DJMRMM 

OJMFC 
BJMGS 
OJMMH 
OJMRD 
DMAINT 
ROT IMF 
MTIMCIII 

EOT IME 
OST IMC 

CCPLAN 
OSPLANT 
MPLANT 
JMCW 
JMMHM 
PM6S 
ROPLAN 

JOR MATERIAL COST FOR SETTING CHARGE. » 
CUMULATIVE CIST FOP MATERIALS HANDLING MAINTENANCE   » 
JOB MATERIAL COST FOR ROCK FRAGMENTATION MAINTENANCE 
t/MAINTFNANCF PE0IOD . 
CUMULATIVE C3ST OF JOB MATERIALS FOR ENVIRONMENTAL CONTROL   « 
COST FOR GOOlINO SUPPORT MAINTENANCE  »/MAINTENANCE PERIOD 
JOB MATERIAL COST FOR MATERIALS HANDLING. « TOTAL 
JOB MATFRIAL COST FOR ROCK FRAGMENTATION. « TOTAL 
JO« MA1FRIAL COST FOR BELT MAINTENANCE. «/MAINTENANCE PERIOD 
CUM1ILATFO LABO^ TIME USFO FOR ROCK FRAGMENTATION      HOURS 
CUMULATIVE LABOR TIME USED FOR MATERIALS HANDLING   HOURS 
Iml-LABOR TIME USED FOR LONG LAUL SYSTE« 
l.?-LABOR TIME U^FD FOR SHORT HAUL SYSTEM 
CUMULATIVE LABOR TIME USED FOR ENVIRONMENTAL CONTROL  HOURS 
CUMULATIVE LABOR TIME USED FOR GROUND SUPPORT SYSTEM  HOURS 

TOTAL^COSTV PLANT AND EQUIPMENT FOR ENVIRONMENTAL CONTROL» 
TOTAL COST OF PLANT AND FOIMPMENT FOR GROUND SUPPORT       « 
TOTAL COST OF PLANT ANO EQUIPMENT FOR MATERIALS HANDLING   » 
COST OF MAINTENANCE FOR INTEGRATED CONVEYOR  «/MAINTENANCE pCRIOD 
JOB MATERIAL COST FOR TRAIN/TRUCK MAINTENANCE. »/MAINTENANCE PERIOD 
PERWAMFNT MATERIALS COST FOR GROUND SUPPORT »  TOTAL 
TOTAL COST OF PLiNT AND EQUIPMENT FOR ROCK DISINTEGRATION  » 

; 

COMMON /L»«OR/ LABOR COSTS AN« MEN 

ROMENM, 0 I«l.IC-LABOR CATFGDRIES FOR ROCK FRAGMENTATION 

'1 
D 

I 
I 
D 

1 
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T 

1 

1 

I 

! 

i 
1 

EOJI V4L^MCE (»!) 'K'l (I > .•J:)''FN (111)) 
FO.JlV»LFNCF I^OCST (I».»OMEN 11 .?) I 

HMFNU.J.O      Isl.IO-L^OP  C«T«T,oi>IFS  FOH  M*T|BI»LS  H4M0LIN0 
««l-L'm  M«iJL  l.»BOP   C»TFr>OP|ES 
JS>-M.1II«LV  "ST   ''f  "NE   "«N   IN L*MP9  C*T»:CO<»lf   I 
|«)«^tM«tril  OF  "FN   pi  LAROB  C»TFr.Ol»Y   I 
FOJ!VtLt\CEI'A-'t'I(l»«HMFN(J.|iI>) 
EOJI V«LF\CE CACST ( U .HMF S (I.?. I») 
K»?-SHn»T   H».)L  L*HO»  C»TFGOl»lfS 
j»|.Vtl<»MFR OF   ^E»!   IN LAHOM  CATFT-nOY   I 
J.?-H0IIBI.Y   CIST   OF  ONF   MtN   TN L»«OR  CATFftOPY   I 
FOUIVALFNCF (CVEN (1».HMF^M . I .?>) 
FOuIv4LFNCE(CVrSTH>.H^Fn((l,?,?)l 

GVFNMiit        i.J.lO-LA'OB  CMFr.ODlES  FOB  (JtOUNO  SUBBOBT 
lal-N'IMHF^   OF   tF^J   IN  LARO'»   TATFOOBY   I 
j,;.w,>l-LY   MSI   IF   ONE   "AN   I'.' LA^OB  CATECOBY   I 
Fn.n VALF'JCE (r.^FM n .OSMF«! (i. i) I 
FO.IIVALFNrfC-.CSTID.CS^ENll.?)! .   ^ 

ECMPNM.D        I'l.IB-LAMOB  CATFCPBIFS  FOrf  ENVIBON-FNTAL  CONIBOL 
J.J.K|I)'HEB  OF   »E^l   IN LAfi-jB  CATtr.OBY   T 
J.?-M01IHL»  C5ST   IF   ONE  «»N   IN LABOP  CATCGOBY   I 
POUTWALFNCF(VC«FN(1).ECMEN(I•11 > 
CO Jl VALENCE tVCrST(n.ECMEN< 11?») 

I 
I VI-13 



II.   INPUT FOR LAYOUT TUNNEL 

A.   CARD IMAGES 

—pwn-t**TRr^... 

s    ,n    is    H    w    in    TJ    -°    ^    ^    5*    ^    ^...!"...!!. 
TTW ♦ • • • • ♦....♦  

1    qoOF        ?Jl"-5 — '— 

-4"    nPPCT=.i.sFPOfT=i.      .PHs.n?. 
s     »nisrH=i?oin.. . — 

T5 «^rsTTT 

i 

0 
7        tFNO 

-n, r^ ?7V—?^ ™ v; Ml 1* ** •«     ^ K*r"TIT ~ r* 
•   •▼•••* *•*•**•••.*_••   B   *   **   * 

—===       i 
i 
lb      onMFNsl.fc.1•1 „ „ 

I«,     roraan«»ror=T.iw 
-IT—fun 

1«       «PAILS 
in  '    ..»rulrr:':MTM>,^.MT>.lLP--n.NT"LPP=l.^PS^0.CAWr»P = 7..wr^.ns.Mr^. 

i 
77        PAMFNi?.?»! •?• I •'"^j »--t- 

->H o»C<;T = 7.7ri.7.?0i7./0.7.?0.".')0tS.3?.7.M 
?Q      Ft]«JLo«=.'.o.':x"iAtN=i.on.CP».i'».J"t'H"=';o. 

-TO—«rnsn  

■f— »o -~W—TO—?*—in—W"-<ffl—«"" nff~W- so    CT    ™    r«r 
CA«ri  
 1T~ *LOAOFP 

3? CV^FNil.! 

ir"!l^I!l!w^Itw..Teetf.aia.!TMCVM..fCwro«*.»«»rcowM.*.ofl.JMCv-iio. 
i 

34       «L 
-^«— «rw) 

-•3y^SV.oeirci^«»**Tt»H.»«7g«TPWit7,i«w*i»wii*.i>i»i*wity;>(i     r 

fcO   FSCPLAslO.OO .f)JMr.S«S0..R»TFSS»5.     ^. 

C49n-iMAr.es... 

5   10   IS   ?0   ?S   30   IS   »0   4S   SO   SS   «.0   *S   TO 7S 

1.1   »FNO 
*?   SFNVIBC 
jki vr^FN»!.!.? i   
<.<.   WCCST««.0'«7.n«7.00  • 
«.c;   MA«MFSg<.0.TnTMP»3n0..T*'>-n..FVFWTP«». 

"fc*   ^«FNO 

[1 

II 
li 



I 
1 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

B. PARAMETER VALUES BEFORE INITIALIZATION BY THE SUBROUTINES 

"i-li.l'neit'ns. 

tHkt r_o.i7n')?F.fts. 

—T *   O^ 

—sif rrrrfFffTT 

- oe ■       v""n.?F-oi« 

VI-15 
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CL ~o.iF«nT,    a.<tF*Oh«    o.iE»o».t 

CPC 

OTC 

■ 0.«F4ft?. 

=   'n.iTf.F.bi. 

hTCft       =    O.?<.F»O?. 

ntn =—Tfi.n.' 

OTM 

"THUT 

o.ft'-Fini. 

T "o.f.f»ni. 

"F.'?"^r.ni7'n^STsr.ni.    n.s'.^sF.oi.    n.nsF.o?.    O.K.IT^F.O?.    I.ITTSF.O?.    n.?ni?sF 
n ?s7cr,n?.    (i.?osr.n?.    n.ii?^F.n?.    n.itr.r^.    O.I>.7^F.O?. g«'"?^!"?* -0**? ^!?Sj 

""STiTT^Tn?;—jr^Jn^F". ö?T—(T^T^FVö?-;    Ö.WÜ*«?»    öTS« 7^F . I"? .    o. ^ FSTKF .0?.    O.^TJIT«; 

nlo.   0.0.   o.<v   o.n.   o.o.^o.e.    o.n.   o.n.   fl.ft.   '».o. ft.o.   o.o.   «7".    c^.   0 
0.0.    n.o.    0.0.    r.o._ 0.0.    o.n._ n.o. _o.nt _o.o.__n.o. "•"•."•I'.   n'0'    "•"^    " 
O.P." n.O." Co." n.O.   'Ö.O.'O.Ö.    0.0.    0.0.    O.n.    o.n. 0.0.    0.0. 
0.0.    O.o.    0.0.    0.0.    0.0.    0.0.    0.0.    0.0.    O.o.    o.n. 0.0.    n.o. 

0.0.      O.Oi 

PC r     P.QF.OO. 

PPM ■    n.fF.n), 

TR =    o.'iF.on. 

XCPC =     O.nsF.OI. 

FROPFO^ 

FTP4NS p.ii,f.ni. 

njMDMM    s    o.iF.oi.    ,  __  

ROMFN      3    ft.IF.01.    gt»f.*6<<    0«>E«91«    »«tytOI«    0*0*    0»9*    <*6*    0»^ Ht0»    ft«0»  _ 

nnCST       =    e.'«*«.F.Cl.     CWF.Qt.     O.WO?F«01.     0.711F*01.    o.o.     o.o.     n.o.     0.0.     n.o.     o.e. 

«END 

; 

i 

0 

0 

c 

i 

0 

fj 

fl 

"I 
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I 
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r 

D 
I 
[ 
i: 

i 
i 

i 
i 

»»»'tCf        

»r          = "o.o. 

Af "           «     fl.d. 

»"««       »   6,W»SI» 

AMAXL      *    n.?T«.r«i)i, 

'    »MINU        «     0.?7frr.ii, 

«SL         i~9'««*M»ö«r* 

'   CiOCÄP     ^    0.7F«fti« 

—gp -    ■• ü   o.ifcc.ftrt. 

■■ nr   "■■   '•"" a.T^'Oi. 

nr          »   o.7?ir.oi. 

—PTilHI """ "i   Ö.HF.4?. ' 

■ 'ni»k       »   o.9t*»,»'>t. 

iffTi        •" ii.\T*no, 

—Wvf*   '  *    6.    

-Hf,rn— l~r« 

NFKON        »     0. 

-»rtp i—(V.'pF'in?.  

-»«■         i" (i.o. ' *" 

V^I          ■    o.o. 

—q-j .-ii.7«ir.»?. 

TL               »     ^.A» 

rr '        "o.o. 

■■•fi»       '   «   «.n. 
_ .rT . — ^   ft>0|  

"HP»        r" ().i4'«fti." 

HOFV       s   n.o. 

—HPf» "^ T"  ft,«. 

" Morv       «    o.o. 

—-nPr*         >" D.O. 

HPFV           »     0.0. 

VI-17 
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i 

LOCO 

MC •     »• 

"ML =     ?• 

NPOINT     =     0. 

NTD     =  rr 

=    ?7 NTM 

MTMM        =     *• 

IP ^~ 0.1E »n? t 

NYMLPP   =   n 

TCIIOW .   o.^   *-*~*r*'   «'*'   *•*'   0>0'---M.^^i-JUat^M.'--^^   hf   ■>.«'   "t«''   0 

o.o.    o.o« 

TM*tHT     5     0.?f«01. 

V—IT.O. 

"VO a- O.lE-ni • 

- vmv *   irrr?r^7^ 

inr 

■wT T1 6,W*W* 
jn^ r—A .?r»iuv" 

NVFHCL     »     ■" 

o.o.   o.o.   o.o»       „  

!l 

i 

0 

i 

! 

"I 
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I 
1 
1                                "IST»"-- "0.   "0.     ft.     0.     «t     0.   "«t     0.'   0.     0.     0.     ft»     ft.     »•     ft«     «•     ft»     0»     1.     1.     ft. ft' 

1 
—ft, n**»»'•'»•.»   ft, n *<<«>»'. n«i,    f).'|i*».<»r»«,   «.o.-S.ft.    ft.o.    ft.'I.    ft.ft«    ft.ft.    ".ft* 

CO.   ft.ft»   ••»•   ft.»»   «.ft»   o«"»   0»fl»   n•n,   ••*•   n•*,   0•'• 

A 

J                                T^P"        i 0.0.       ft.ft.      ft.«»       0.0»      ft.".      O.ft«      ft.ft»      O.0»       n•*^       ft•n•       n•,,•       ',.-',,_J1-.-n*       ',.',• ft 
"' ft,0»"~'ft,0» '"«.ft»    'ft.ft»     0,0»     0,0»     O.Ot 

••                         '  TM«"IN'    « o.ft.   ft.(».   e.ft»   ft,ft.   «,<».'o.o.   ft.ft. " 6.0'.   b'.'o»   o.o»   (iio'l 'ft.o«   ft."«   o.'. 
ft.A.     ft.ft,     0.0»     ft,0»     O.ft»     0.0.     O.ft» 

0 

KSTOP        > ).    iftif    in?,    o,    o,    e.    o.    o»    ft»    0»    ft»    0.    0.    ft.    ft.    o.    0.    ft.    ft.    ft. ft 

T                                        ««LTYP        « ft.  „,                    —  

1                                             ^MB 

FLO^O        t qticr*/i|,                                                                                                                                                                      

j                            FMiirur   • ■      fl(|7r.KA.                                                                                                                                                                ,  .       ,                          

**                        rroic«   » t     O.TSF.ftl.                                                                                                         .          ,    . 

M                                    ..f^«ITC...J 

j                                       .,   FUMtO«,....! 

' 

r     ft   ^F^^^t                                                                                                                                                               — i          - ■■ 

■    n.ir.of.                                                                          _ 

;                                                 JXWMM          l ,     O.ftF.O?»                                                                                                                                               

1                                          -               --■ 
t      1« 

i     t.     |.     1.     0,     0.     0.     0.     0.     0.     0.     0.     ft.     0.     ft.     0.     0.     0.     ft.     ft.     0.     ft. 0 

1                                     ...0*Mr»< .' n,».A|t     n^tr.n).     A.fr.ni.     A.7F.AI.     O.ir.QI.     0.1F.PI»     O.IF.ftJ.     ft.O.     O.ft.     ft 

,     A.fir.nl,     O.WtOI-      ft,»Tr.OI.     ftr7>F.M»      ft.«r.«l.      O.Sl?r.O|.     ft.THF.ftl.      O.ft» 

.0 

ft 

«FMO 

I 
I 
I 
I 
I 
I 
I VI-19 



uo»nFP 

»a 3       0.0» 

vni =    o.n. 

SM =     O.TSC.O?, 

TCCV =     O.llPF'O''. 

TMCtf        =    (t,«F»ni« 

MMR ■     0.l7Sr»0T. 

MLTVP       m     1. 

ernMFi   =   o.ftw+ei« 

tF»JO 

VI-20 

I 

i 
1 

! 

—CVSFN—=    o.iF«ni.    o.lF.ni.    Ö7Ö1    ST?;    i5Tn;    öTF;    ÖTÖT-öTöl    öTiT;    öTnl 

—cvcsT— r-ovw.fr.-r;yw*«i»  »Vf«"urm«.  o.o"öTö.  n.ö.—f.o.   OTOT- . |   i 

1 
B 
B 
0 
G 

i 
(1 

i 

1 

W 

——- 



I 
I 
1 
1 
1 
1 
1 
1 
1 
I 
! 

I 
I 
I 
I 
I 
I 
I 

■»r.PfiiiMO"" 

0«TFSr     »     O.ITSr.O». 

»»if«—;—n.^r.fli. 

enow        ■    o.o. 

"(»MFN »     (».'«»'•nr« ~fl»t'»ftl •     n.3t'   O.'A»     ft.O« ' A.flt     fli'ffi     OVff»     fiilT«     0,0« 

erst  '   »   gaf#*ini«   "oiT?f »"i« " P.6"I   0,0«    o.o«   o,««   o.Ot    o.o«    o.o«   o.nt 

TTiif» " ~ 
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n 

vcrsT 

i 

i 

I 

1 
1 

0 
fl 
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I 
1 

T'lMNfL  '■»n«;s  <.'"rTln,i  =     \->\,ni,?H  SO  FT 

—tnrnr PiOHvrmi - ■w~ "VT" "ITT 1??" "T^" T^" -HPTTT MiTV 

qa.snno TONS   THAtM rifftCiTY r  imo.nnnn cit«ic FFFT  »NO 

««tL rxTf-MSTOM - PXT. HATf =    I?.1)0 SWITCH MOWF P4TF =  POnn.OO OTSTOMCF ^FTWFFN SWITrHFS ■  « 

P4JL MATkIT. P4Da««rTFRS - T T'F TO «Ff«!« = ?.nn rnsT OF M»TFBI»LS = so.nn ntys RFTMFFN ^tT 

i 
COO 

I 

<»s.oo 
On.no 
«o.in 
TS.OO 
TS.flO 

so.in 
so.nn 
so.nn 
?s.rn 
»s.on 

">s.no" 
e.no 
O.no 
O.no 

NOTF. 

pffl^r r.oo 
F»ri\v«Tn 
 psorrs 

^.nn 
" S.nn 

?.nn 
s.nn 
1 .nn 

—?Tipr 
s.nr 
l.nn 
?.on 
■^.nn 
l.nn 

—r.TTIT 
S.np 
1.00 
?.on 

II\JO  SIIPPOOT 
MMSUPOOtJT'n 
irwTH-.Avrr 

mjQya9,iio 
ijOgiit>qtnn 

10.00 
«.no 
^.no 

 STFT 

FxrAVATIO«' P^orFSS ^^ TMOtCiTFS A'lY PPOCFSS OTHFPVHAN THOSE IN T»MLF 

I 

I 

1 
[ 
I 
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PARAMETER VALUES AFTER INITIALIZATION BY THE SUBROUTINES 

—wvnc 

f» X nBrn?*»np.n?. 

m ■ o.iF»Hn» 

■    K T -B^T^efcC'O«;. 

XHAX = 0.170O?F»(!S. 

T s 0.0. 

TMAX   = fl;?5F«o?. 

OTPPNT = 0.1F»01. 

5K = -r.iTr^ni. 

pp - -TVTpr-ni. 

OPPCT ■s O.IF.PO. 

PFMRT •s n.iF.m. 

XDrSC^" ■5 D.1?P»0S, 

f ■ 0.0« 

—vrm— 

VI-24 
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1 
1 
1 
1 

0 

1 
D 
(] 

fl 

0 
I 
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D 
D 

I 
( 

I 

G 
0 
r 

CL -    ".iF.r?,    n.i.F»o«<.    P.if«"*.. 

nt»"     T  o.w-F'Oi. 

nrn =    o.n. 

n.^^Tcr.ns,     n.?uir,n?.     n. 1) p^f »C?t     n.iir.n^,     n.1>.7SF »0?«     O.iosr»')?,      n.^J?srtn?. 
RTi'ffTfl >^—flV^W* i fi r.—ff^KT^mi'? •    ft ^CTTn? ;    UTWroTfl"^    irrT<n7=;F.n7.    nTrATn?1^ 
o./.moTSF.o?.    n.7mi?5F»p?t    t).7?i.T7SF.o?.    n.7i»i«7c;F»o?.    o.7*<Ji7SF«n?.    n^n.    n^o. 
n.o.    (i,o.    o.«.    n.i.    o.n.    o.r.,    o.n.    o.o.    o.n.    o.fl.   n.o. "ft.or   (T.TI, "n.o.    T 
O.o.    r..n.    n.n,    o.o.    o.n.    n.o.    o.o.    o.n,    n.o.    n.o.    o.n.    o.n. n.n._ ll«0t    0 
o.n.    o.o.    o.o.    n.o,    o.o,    n.o.    0,0, " o,n.   'o.n,    r,,o.    p.o."  n.S.    n.n.    O.o.    0 
0.0.    0.0,    n.n.    0,0.    0.0.    o.n.    n.n,    o.n.    0.0.    n.o.    n.o.    n.n.  

ar =    O.QF.OO. 

RPM •       O.^F.O), 

TR r     O.SF.no. 

<rpr        •    n.-nocoi. 

FBOOFT       n       0.14*.F4n?. 

FTOtM";       r       fl,11.F.0I. 

nnurN      =    O.IF.OI.    o,<.F,ni,    ft.iF«,)!,    o.if.ni.    o.O.    0.0.    n.n.    n.o. n,n.    n.n. 

=<nr<;T      =    o,|".«'r.oi,    o.<;i?F»ni,    n.iin?c.oi,    o.7iiF.oij 0.0.    n.n.    a.o.    o.n.    n.o.    o.n. 
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1 

i 
■«wit«" 

»F 

~    n.n» 

"»MAT TiTTJ'F'nn. 

«MA>L 

■■*MINL" 

nst 

CAPCAP 

"CP 

nSTJWCfFTBd! 

0.7F«ni. 

"ur 
DF 

OTA«; 

OTHA 

—w,e(r 

V«! 

■^r 

TT 

TTT 

TT" 

—wrr 

'•HPfy 

O.T^F'Ol. 

=     0.1IF»0?. 

"■    n.^ifc^'OO. 

gfl) =     0.17F*OOt 

N-^CH      =    ITT 

"T 

NFXON        =     0« 

-m?. =—n.pF.A?1; 

s   6.<ri* 

o.o. 

~9    0^ftF*nö. 

"7c       =  (rr^F-oT. 
x    n.o. 

-i—(r;?«;«^Bff7" 

HOA «     0.1fcF»03« 

TJ.T»^ 

"MPEV «   9,?Q(.»»»,7Äi<»ö'ion5rVö?. 

0,1*1» f9Al «»OOPrt^r »fl?. 
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I 
! 

1 

B 
I 
0 
r 
i 

i: 
i 

i 
i 

HPV   T o.if«m« 

"V." Lnrn 

Mr 
__ V. 

'xi'i 

MOOIMT  ■  0. 

MTMtX   a  iT 

NTMILP "•" Ot ~ 

MTMLPP  =  I . 

NT»»CK ' »  1 • 

SL (».■»^^♦m. 

Trtpvx 0.0, 
n.o. 

7?r;    nT'w    rTnl    STTI    o.n.    n,n<    o.o.    0,«.    n.o»    n.Ot    n.n»    "."•    RTÖT n 
n.o. 

rrijpvY    s    o.n.    o.o.    o.o«    n.o« o.o«    o.f1«., i.n.o.o« p^n« .•}_• 9•. . n•.?? o.o«    "«c» o.ju o_ 
o.n.    n.i. 

TMA r'-rr—r- F.-Wiffj«1 

rw? ■~'""",= "" n.o.' 

vn"       ' =    o.ir-oi«' 

v«; =    o.»r»ni. 

vF s    n.i?F«n?« 

VF '     '   •'  O.l^fO?« 

- VftSS 1—Jrrr?^-'n?~" 

BC" T   o.^n^r.ni. 

KL =    o.ir.n?. 

-in*. i—n .-urrnr; 

M4XLIV       r     T. 

NVFHCL     =     1. 

—WIHT/JT—;—rr 

SWITCH"-»" o.ii4*<>r.o«;.n.oi  "n.'0«""Ti;Bi   fl»f!"Tr»9» "t»#«*'  o.n. " n.n«    en.   (r,"nr "O/T«    ""."ov" 
o.n.    o.o.    o.o«  
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I ST 4 0,    ft <    n«    o •    n" o.     o.     i>. fl,    I).    n«    o <     ft • 0.     n.'    (it     ft« 

n.l I'.mf.o« 
n.ft.     ft.ft« 

i, n .      " . 1 • 
ft , ft.      ft » ft • 

ft. ft .     ft « 0 • 
ft,««     ft,ft« 

n.^t 

r,    n , 

(1,0, 

,n4*^    ft ft.    ft.n,    ft.ft«    n.d.    ft.iW    »♦««    "." 

ft. ft.    n. n« 

ft.    'i.    ft« 

n.n«    n.n« 

,.;." n...    ft...    ft.'». . n.ft« „a,«x_5^«..—«^ .A,P^^..5.-^^--.?- 
nif. ' o.ft.    o.'i«    o.ft.   

?r;~ö,o.   n.o.   o.n«   o.'""   0«0'   n 
n   n,     ft,ft,'   o.ft.   ' ft."«     ft«n«     0•^l•     n 

5,ft.    r.ft»    ft.fti_ ft.ft«    n•ft! ._ 

«t TVP 

rinrn 

r T » A f" "■ 

r «; .-• T T r 

urn o;. 

(Ml*** 

';i |M|  ri 

:' V " • 1 

B A C < 1 

«FMfl 

1.      I"! 

I. 

0.17 = '-«:-M._ 

n. l^r.Tl . 

n.l7r«oft« 

ft.7^r«^N_ 

ft,ft. 

ft,AC,ft ft. 

ft,lP»ftl« 

1« 1« I< 

r,. P r . P ; . 

ft.TTr.ri. 

1 ■) ? .       n .      0 .      ft < ft.     0.     ft«     ft« 0«     1«  ft« fl«     ft«     n.•__n-,— n-' -■* 

0 .       0 .       ft • 0.    ft«    ft« n«     n«     ft« T.     n.     ft.     ft 

i«     ii. 
ft   .r.„l.      (I.Jf.ftl.       ft«"«""«      ft.l^ni«   .i.V'J.'i    _".lF-n.'.V 
O.t^.nt,    ft.77C.ft,,  .n.7?r,ft1^_r:r«i.1>.«„_ft.^vF.ft.i«__(u7nr^^o.ft. 

n.ft.    ft.ft 

ft 

i 

I 

1 

n 
i 

fi 

_ _._. ■■. — 



I 

I 
1 
I 
I 

tfiuniiNr. 

'(firfic   «   O.IT1;«"»»)?. 

"P4TFSS     ! 6»W««l« 

F^rOL»      = ^.1F«0?« 

"nj»"".«;     = O.SF.O;». 

r,noü     "• o.ö« 

r.SFTnn öTö. 

-GMFI)—   —o^oF.iM.- rt.?r.or.— e'.^v^TJTBv-"rt.a; "T»;6".   n;«^   ^BT"";;   evff;   imn 

c.r«iT i-n.TF.nV,    c.T'F.ii,    n.oV'o^flt    o.flt'■o.'»«'" o.o".    n.o.    n.o.    o.o. 
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A« 

TTV 

■JMP 

rv/>ir«| 

n.n. 

ft, 1 7=,r«m. 

1 • 

' ftV4**'p« 91 • 

T.T'-V'M. —rt'.ti'tTn—TTT;   oTin   UTKl   nTrr~r.7ü   rrfr;   srw;   o.o. 
?,7»r.ni.    B,T*€V(Hi    "^,    n.n,    o.n.    o.O. "fl.di""'>.i.    n.n.    ri."n, 

i 
] 
I 
I 
1 
I 
1 

0 
1 
i 

; 

f] 

! 
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D 
H 

[ 

B 
1 

I 
I 
I 
I 
1 
I 

__ _ 

an« 

(JO» 

CK4 

vrrst 

FXT 

tFNO 

OM r n.;>F«'n. 

on r n.?ns?r,m, 

V4MIN = n.^f«"!?. 

~v'4«' x » f. 1f ♦ ^ <i"«— ' 

TO ' i i.ar.n?. 

W4 = I.T^F-"!. 

r o.?<.F»no» 

=      ft.lfcTF-Olt 

T "n.^F-nc, 

TT. o.    o. ii t    öTö^    o.n.    o.o.    n. o • ~i Ijpn     ITo«    BTn«    f1. 

= 0.K..T1.    n.iF.ni.    O.?F.O),    n.n,    n.n.    o.o.    o.o.'  o.o.    o.o.    o.o. 

r o.BO?f,ni,    o.7li«r«il.    o.TF.ni.'  n.o.    o.o.    070." >'.o.    o.o.    o.o.    o.n. 

r 0.1cf-07. 
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IIT.  PROGRAMS AM) SUBROUTINES 

A.    PROGRAM GEOMOD 

PrfOG«AM   &EUMOO 
C ÜE.KEKATES  GEOLOGY  FILE 

COMMON   /10C0»/   NLINEtNPAGE 

DIMENSION  bu>*F(30i30.71.PWOP(6<25ltSPEC(7).INOEX(25).BUFF(27) 

10   FORMAT   (Ihl./////////////t25XtB6HEEEE£E     A       X       CCCCCC AAAA 
6  V V AAAA TTTTITT      I 01)0000 NN N./»25X.e6HE 
b XXC AAV V A A T 10 
C 0        N  N       Nt/.25A.abMEEEE X C AAAAAAAA V 
D   u AAAAAAAA T 10 0        N     N     Nf/2SXtB6HE X 
£   X        C A A VV A A T 10 0 
F        N        N  N./.i;5X.86MEEE£EE     X        X        CCCCCC     A A V A 
G ATI 0Ü0000 N NN.////. 
h 4SX.40HM H 000000 
I   DPOOO EttEft        L./.'.bX.f.OMHM        MM        0 0       0 0        t 
j        L./«^X«-.OrM   M   M   M        0 Ü        D 0        ELEE L »/.«SX.'.OMM 
K   M     k|        Ö 0        D 0        t L./.'tbX.   «feMM M 000000 
L DOOUO EtEttE        LLLLLLL.//////////»27X.I'.HPkEHABtO   FOR      .59X 
M,»hei .//lUX.'iü.-nWlTEU blATES DEPAHTMLNI OF IME INTEHI0M.3'tX.28H 
NO"N£NAt. kfiEI'fCrt CUMPOKAT 1ÜN.//.26X. IbnbuWtAO OF MINES.SOX.21MWASH 
OI.OTJi OPE^ATIUNSiZ/.l/XOAMbuILDING 20. OENWEH FEDERAL CENlEH,35X 
f.'.'fl'-.O: i»lLSü;>i BüOLEVAHO. SUITE 700.//22X.2'.H0ENVEH. COLORADO 8 
QW>,i,U*nHMLliili19N, VIRGINIA 22209.///.53X.30HUNDE» CONTRACT N 
RuwlJEH MiiU0233) 

C 

N»AGe»0 
j .<*»•• nSbOO 
C KfAO   (J0.2ü.ENO=30)   TAGJ.TA&2.   (SPEC(U.I«l.7t 
C Go  TO 50 
0 it w U - * 

LrAQ   20*   TAC,1.TA02.(SPLC(11,I = 1.7) 

IF    IL.-r .>«'■>)    JD.SC 
r * j u j c« 

2:   FOKMAt    (2A5,7F10.0) 
30   P-lNl   <»0 
«0   F    -xiT    (1HU31HM»).6ÖM  AbNüRMAL   EN&lNG  -  END  OF   INPUT   FILE  HEACME 

•D  -  exfLUTION  TExMINATED  .32(IM»)) 

fcS .-• Ifjl   lu 
P«INT   10 
CALL   t*;T 

{BO     r'-i'.T      .0 
-'-:•,i  to 

CO   !F    (TAol.Eu.bnvjEoLOl   00   10   bO 
^-1M    .'J 

70   Fr,li«tAT    (IH1.13(1«*»»10*H   THE   FIRST   C.'    1)  MAS   TO  BE   A   GEOLOGY   CARD  - 
- PLEASE   W£f£S   10  PHüGWAH  DOCUMENTATION  -  EXECUTION   TERMINATED   t 
- 13(1M,1) 

c. IT 
nO   M/nSCtCtl) 

SCALEx'iJ'tCl?) 
NY»SP£L(3r 
SCALEfiU'ECl*) 
CAl L   HAoE^I^I 
l»i»lNT   VO«    IAG1.TA02. (SPtC(I).I«I.7» 
M IN£aNilNE«2 

•;C/   r  ,SMAT    (//.2fcX.2Ab.7F10.'») 
C 

■.   ICY   krtO   1 >u.Su.END = 3ül    TAGJ.TAG2.    (SPEC 11» . I»l . 7) 
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t 
I 
I 
I 
I 

£       «it«*« 

C     •••••LUL6<.00 
100 KEAD 20» TA01>TAä2<(SPEC(I)tlBl<7> 

IF IE0Fi<>9) 30.110 
C    ••••• 

110 CALL PA0ER(2> 
PPINT 90. TA&l.IA02.(SPECm,1 = 1.7» 
NL1NE=NL1NE«2 

C 
IF (TAG1.NE.5H&E0L01 GO TO 130 
PKINT 1^0 

120 FOPl'AT (lH0.3d(lM»>.b8M EHHOR - TWO GEOLOGY CAMOS PRESENT - EXECUT 
-ION TERMINATED .37(1H»)> 
GO TO <.& 

C 
130 IF (TAG1.NE.ÖHSURFAI GO TO 160 

i<=SPEl,(ll 
C     •••••bbbOO 
C 140 RFAO (JU.20.END=30) TAG1.TAG2, (SPEC(11.I»l.7) 
C     »on»« 
C     •••••i;DL6<.00 

140 AFAD 20. TAGI.TA&2.(SP£CtI).I=1.7) 
IF(E0F.49) 30.145 

C    •••••HSiOO 
ItS   IF(TAG1 «NE« »H    I GO TO HO 

CALL PAoER(2l 
PPINT 90. TAGl.TAG2.(SPEC(I)tI«lt7> 
Nt.lNE = NLlNE»2 
USPtUl) 
J=SPEl,(2l 
IF (1'J.LE.O) GO TO ISO 
SUBF(I.J.K»=SPEC(3I 

150 IzSPECC»» 
J=SPEt(i>) 
IF lI'J.LE.O) GO TO 140 
SIJ^F(I.J.KI=SPEC(6) 
GO TO 1'.0 

C 
160 IF (TAG1.NE.5HPLANE) GO TO 190 

K = SPE(.(l) 
0EPTH=SPEC(2) 
00 190 1=1.NX 
DO 170 J=l.NY 
SiiPF(I.J.K)=DEPIM 

170 CONTINUE 
160 CONTINUE 

GO TO 100 
C 

190 IF (TAGl.NE.ShRAISE) GO TO 230 
200 K=SPEt(ll 

DlST = SPEi;(2) 
DO 220 1=1.NX 
DO 210 J=1.NY 
S'JRFiI.J.K)=SURr(I.J.X)*DlST 

210 CONTINUE 
220 CONTINUE 

GO TO 100 
C 

230 IF ITAG1.NE.5HL0:!Ü.R) GO TO 240 
SPEC(2)» -SPEC(2) 
60 TO 200 

C 
2<*0 IF (TAG1.NE.SHT1LT I CO TO 250 

1A=SPEC(1) 
lR=SPEi:t2l 
DeG»SPEl.(3l 
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1 
MTY«Sf£(;<6) 

CALL   TlLT(,NXtNr.SCALEX,SCALEV.SURF(ltltIA)i 
1 UEO.AXlS.SUWFll.l.IBItHTX.PUtPIZ) 

GO   TO   1U0 
C 

2b0   IF    (TAül.NiL.SHbENQ   I   &Ü   10   260 
Ii»SHEt(l» 

tC»8PI€(3) 

IF (bl,Or't..L^.0.0l  SCOCEsAMINOI^X.NY.ai 
CALL BENOE« (NX.Nr,iCALEX,bCALS.Y.SUKF(liltIA).SUHf (l«l.IB>. 

1 SURF(1.1.IC».SURf(I.I.10).SCOPE.OUMMT.DUMMY) 

CD TO 100 
c 

toO   IF    CAul.NE.Srir'^OPE)   GO   TO   280 
J=SPtL(l) 
DO   270   1=1.6 
ppop(i.j)»spec(i*i) 

270 COM INUL 
Go TO luO 

C 
2b0 IF (TAG..NL.5HGHA(JM) GO TO 290 

C.'-LL EPAOE 
\-l 

2a3 * «5P£t(N) 
IF (SPtU(N)«LE»0.01 60 TO 266 
CALL GKA^H (bUxFtl.l.Kl.NX.NY.K) 
N»N»I 
IF (U.LT.d) GO TO 233 

'■ihh   CALL PAui^ (yv->) 
6ü   TO   ICC 

c 
g«0    IF    (TAoi.Nt.SHLArtWI   CO   TO   310 

ISJi-'F- JI^LCII) 

IwoCKiSrECIZ) 
Ii.At--j'-£C 13) 
if;P£x ; '.LArKi =IKüCI< 
.... ITt (ILAY^, JOO)    ( iSU(<F(I,J.I5JHr).l»l»NX).J«l.MY) 

300   F 1WMÄ f   t I IF'ElB.lO) ) 
Uu   TO   iJfl 

313   If    (TAai«Nt»SHrtEI.A»l   00   TO   320 
K=SPEL(1) 
TiiLE^-br'tC (2) 
IF   ItOLtf.EQ.O.O)   TOLE« = 0.0ai>»(SrALtX»SCALEY) 
CALL   Ki:LA*(SJ..F (1.1.K) .rM.NY.TOLLW) 
00   7C   ICC 

220   IF    (TAGl^.E.BHMAKEF)   GO   TO  '•60 
tMÄj(«»SH£C 111 

Si » [NO  50 
w^ITc    O0.330I   NX.NY.SCALEX.SCAl.EY.(lN()EXlILAYiOfIL*YR«I.25)t 

I ( (PKOK(1.1 MOCK).I = 1.6)•l«OCK = l.25) 
330   F.-uAt    (^Ib,2(IRLla.lO).2bI2.(IPtlU.lO)) 

Of   340   I=1.IMAXL 
PKWlNO 1 

3'.0 CONTINUE 
M   3e0   J»l«NY 
,/,   170   l«l»NX 
BllFf t4)»l 
Buff (£'I=J 
D3   'iiO   K-3.27 

fl 

n 
- i 

\ 
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I 
I 

I 

[ 

i 
I 

BUTIlO«  -10.0  t»i0 
3S0   CONTINUt 

00 360  K=1.1MAXL 
C            »••••BbbOO 
C RfAD   (K.300iEMO=*20)   BUFF   {K*2) 
C ••*•* 
c •••••i,Dte>'»oo 

RFAD (K,300) bUFF(K«2» 
IF (EOF.K) <.20t360 

r    ••••• 
360 CONTINUt 

WHITE lbO.300) (BUFF(K)tK»1.27) 
370 CONTINUE 
3Ö0 CONTINUE 

CALL EPAGE 
PPINT J^O 

390 FORMAT ^7H1GECM00 TERMINATED NORMALLY! 
GO TO <«s 

<.00 PRINT MO 
*I0 FOSMAT (lH.,2i.H««««» UNflECOGMZEO •••*', 

1 82X.2'tH»»«»» UNRECOGNIZED •••••) 
GO TO 100 

*20 CALL EPAOE 

Hl   FORHIT^UZHOLOGICAL ERHÖH - YOU ATTEMPTED TO USE L**" •>»' 
1 52M, BUT DID NOT SPECIFY IT BY MEANS OF A LAYER CARD - t 
2 30HGEOLOGY FILE BUILOINO DELETED.) 

'.SO IF (K.GE.IMAXL) GO TO '.S 
K = K»1 

C     •••••HbsOO 
C    BFAO (K.300fEND=*30) BUFF (K«2) 
C    GO TO «liO 
C     ••••• 
g     •••••LDCb'.OO 

REAOIK.JOO) BUFF(K»2) 
IF (EOFiK) 1.30.(»SO 

<tt>0 IF (TA61.NE.5HSCALE1 GO TO <.90 
ISUPFA-SPECa» 
I!;URFB = 3PEC(2) 
&CALE-5PECt3l 
DO  680   -IM'NY . 
00  i*10   I'l'NH 
SURF(1.JtISURFB)=SCAL£»SURF(I.J.ISURFA) 

*70   CONTINUt 
«•BO   CONTINUE 

GO   TO   100 
<.90   IF   (TAOl.NE.SriS'JM     )   00   TO 520 

ISüOFA=3PEC(n 
ISlJPfri = bPECI2) 
ISbRKL=bPEC(3) 
DO 510 J=1.NY 
00 bOO 1=1.NX 
S' iRF (I. J. ISUHFC) »SURF (I. J, i:ilRFA) »SURF (11 J. ISURFB) 

500 CONTINUt 
blO CONTINUE 

GO TO 100 
520 IF (TAGl.Nt.SHOIFFE) GO TO *00 

ISuRFA^bPECIi) 
ISUPFB=»PEC(2I 
ISURFL=SPEC(3) 
00 S'.O J=1.NY 
00 530 1=1.NX ., ,_., 
SüPF (I. J. ISURFO -SURF (I, J. ISURFAI-SUHF (I .J. ISURFB» 

530 CONTINUE 
5*0 CONTINUE 
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1 

GO   IÜ   100 
f NS 

S.JhwCiUTlSE   ME:KDEr((NA.Nr.bCALr:J(iSCAU£Y»AttiiCtO.£>F.G) 

(JlMf NblO'J   Ä(30. 30) .H( >Ü.J0) iC( J0.30) .üOOiJO) .BX(JO.JO) t 
1 klY(3ü.30) •CLObt(b0f<>) t^O INT (3<900)f 0(61 

C/MPUTt   THE   PARTIAL   DtRIVATIVES   FOR   SOMFACE   8.   THE   NEW  MEDIAN. 

C;X=0.b/iCALLX 
Dy=0.S/3CALEY 
l..FLO.\ = t 
LIM»,-,\iA,-i 
LIMy = NY--l 
TnLtRsO.OObfclSCALEX.SCALEY) 

THK AUUJHACr TOLERANCE HJK THE BENDER IS SET AT ONE-HUNDREDTH OF 
TH» AVERAGE Of TME SCALED AND SCALEY VALUES. TMIS SEEMS TO BE 
ACC'-jRATt ENOUGH - SOME SMOOTHlNO iS PERFORMED BY SRFIT. 

DO ?0 J6=l.lgY 
H<(l.Jb)=OX»(-3.0»B(l.Jd)»i..O«B(2tJB)-B(3tJB)) 
pr. 10 IJ = ^.LIMX 

fc« (lBiJ3)-iJX*(b(IB»lf JH)-B(1B-1.JBI I 
10 CONTINUE 

■<;. (,(A.Jo)=üX»(B(NX-2.jH)-<,.0»BINX-l«Jb)«3.0»B(NX»JB>) 
20 Ciif;TI.-. Ji. 

ZC   (.D l = -l.fiX 
&y(l3.1l-&Y«t-j.0»B(IB.l)»'..0»bUB.2)-B(lB.3)) 
D i 30 J3=?.L:HY 

BY(In.Jd)=D»*(rilIB.Jd«l)-B(iatjB-l)) 
30 CONIINUt 

tiY( :^.i,r)=.DY''(b(Ib.NY-£)-4.0»B(IB.NY-l)»3.0»B(IBiNY)) 
HO CilNTINuc 

COMPUTE 'ri   A   AND r DIRECTION COSINES Of TME VECTORS NORMAL TO 
Si -FJ'.L a AI ITS OxID POINTS. ARRAY ax(IB.Jd) IS OScU FOR THE 
X UlKCtUC'N COSINES AND AKHAY ÖY(IH.Jd) IS USED FUR THE Y 
DJRftTlC.N COSINES. 

DO fO lo-l.NX 
Dr. bO Ob = Ii\Y 
vrCMA&-j3^I(hX(IB.JM)«bX(IB.Jb)»BY(l8.ja)*BY(IBtJd)«l.O) 
H< ( |r..Jol=tiX(IB.JB)/VECHAG 
HY:IH.JO)=3Y(IB.Jd)/VECRAO 

SJ Cf-'.TK.Ut 
bi CONTU.UC 

f"W EAC.i PUi-iT ON SUKFACL A. FIND THE NORMAL VECTORS ON SURFACE 8 
KMlCH HASS Tn-iujOfi TnAT POINT. EXTEND EACH OF THESE VECTORS FROM 
JijRfAWt D 10 iURfACE C IS ORDER Tu DETERMINE HO* FAR THE MEDIAN 
Pl.ANt MAS Bf.EN DIS^LACLi/ ALONO THAT VECTOW. ADD ALL OF THESE 
01« PLAU'""fiI'r, JOGEIME« AND DIVIDE BY THE NOMBER Ot   VECTORS FOUNDi 
;•• ORCE« lu CCMPwTE Tni DISPLACEMENT Of THAT POINT ON SURFACE A, 

A = TME NAME OF fuE AP^KAY FOR THE OLD SOHFACL »HICH IS TO BE BENT. 
H = Tnt NAMt OF ThE APrfAY FOR THE NE« MEDIAN Si^^r'ACE. 
C = T-E NAME OF THE APKAY FOR ThE OLD MEDIAN SURFACE. 
D = Tnt NAME OF THE ASKAY FUR THE NE^ SURFACEt AFTER BENDING. 

Nt»TS«0 
Dt   IbO   IA=1,N* 

DO   l'O   OÄ-i,NT 
S J-,.X = 0.0 

S'iM?iCj.U 

il 

] 

O 

! 
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COHUT-0.0 
IwE&=MAXO(l.(IA-1NKLUN)I 
1F.ND = MIN0(L1MX. (IAMNFLUN)) 
J^EG=MAA0(1.(JA-INFLUN)) 
JFNÜ = MIN01LIMr. UAMNFLUN») 

C 
C     FO« EALrt SCALEX-Hy-5CALtV REGION ON SURFACE B. DETERMINE k-HETMER 
C     IT IS POSSIBLE TO SELECT A NORMAL VECTOR FROM THE REGION HHICM 
C     PASSES THROUGH THE POINT CURRENTLY BEING PROCESSED ON SURFACf. A. 
C 
C     WF START BY GUESSING THAT THE DESIRED NORMAL VECTOR GOES THROUGH 
C     THE CORNER OF THE REGION. t»E THEN TRY TO REFINE THAT GUESS. IF IN 
C     DOING SO WE MOVE THE NORMAL VECTORS STARTING LOCATION OUT OF THE 
C     RF&IONt WE OUIT. OTHERWISE. WE ÜUIT WHEN WE HAVE EITHER FOUND THE 
C     ÜFS1REÜ VECTOR OR WHEN WE HAVE MOVED IT LESS THAN ONE-HUNDREUTM OF 
C     THE GRID SPACINGS. IN ANY ITERATION. THE VECTOR IS (VXiVYtVZ). 
C 

DO l^O IB=IB£G.ItNQ 
DO 130 JB = JtJE&iJEND 
0**0.0 
01*0.0 

70 VX = SCALEX«UA-IB-ÜX) 
VY = 5CALLYMJA-J8-DY) 

C 
C THE   FOLLOWING   IS   THE   HARMONIC   INTERPOLATION   SCHEME. OC THE    füLLÜWlNü   15    IHt   HARMONIC    INTERPOLATION   SCHEME. 

VZ=A(IA.JA)-((l-DX)«(l-UY)»B(Iä.JB)»DX«(l-DY)»B(Ib»ltJB» 
1 ♦Or»(l-OX)»ßlIß,JB»l)«OX»DY<»B(IB»ltJ8»l)) 
VMAG^SURKVX'VX^VY'vr^vZ^VZ) 
IF    (VMAG.EO.O.O)   GO   TO   72 
V*=VX/VMAG 
VY=VY/VMAG 
V/=VZ/^MAG 
GO   TO   7't 

72   VX=0.Ü 
VY=0.0 
V?=0.0 

c 
C     THE FOLLOWING IS THE HARMONIC INTERPOLATION SCHEME. 
C 

7* VFCX=(l-DX)«(l-DY)»BX(Itl.JB,)»DX»(l-DY)#BX(Id»liJBI 
l  • ♦ijr»(i-D^)*öxny.jD»n»ux»DY«bx(iB»i.jB«l) 
VfCY=ll-DX)»(l-DY)»8Y(Ib.Jö).DX»tl-DY)»BY(IB«I.JB» 

1      ♦UY»(l-OXI«Br(lB.Jö.n.DX»DY»BY(Ib»l,JB«l> 
VFCZ=SüRT(l.a-VECX»VECX-VECY«VECY) 
CnSANG=VECX«VX«VECY»VY»VECZ»VZ 
SINA.'A=SüRT(!.ü-CüSAN&»COSANGl 

C 
C     MAKING IhE SIMPLIFYING ASSUMPTION THAI A AND B ARE LEVEL SUHFACES» 
C 

DIST = VMAG»SINA!,G 
DVX=(VX-VECXI»SI&N(l.0.COSANG) 
DVY=(VY-VECY)«F,I6N(1.0.COSANG) 
OVMA&=SuRT(OVX»DVX«DVY»DVY) 
IF (ÜVMAG.tO.0.01 DVMAG'lO.OE'bO 
DVX=ÜVX/DVMAÜ 
DVY=DVY/ÜV^A& 
0<=DX.DIST«DVX/SCALEX 
DY=OY«DiST*UVY/SCALEY 

C NOTE THAT NO LOGIC IS INCLUDED FOR STEPPING OVER GRID LINE 
C BOUNDARIES. IN THE G.ENERAL SENSE. THE PROGRAM IS ALLOWED TO 
C WANDER ONE-OUARIER OF A GRID-LINE SPACING INTO ADJACENT OHIO 
C SOUARtS. IN ORDER TO ENSURE THAT DESIRED PuINTS WHICH FALL EXACTLY 
C Oi GRID LINES ARE FOUND. HOWEVER. IF THE PROGRAM INTRUDES FARTHER 
C THAN ONE-QUARTiCR OF ThE GRID-LINE SPACING INTO AN ADJACENT GRID 
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S .'UAi-t .     frit   btÄMCM    l^   t.t.utu   -    (Mt    Ü'.SlWtL)   NOhMÄL    VttlOK    IS   AIISLMI. 

IF iDJl.LT.-O.t'b) 00 TO ItO 
IK (OX.L,!. l.cb) GO 10 ItO 
If (Uf.tT.-O.üS) 00 10 120 
IF (or.ur. 1.23» oo To 120 
IF (i;lst.C.L.ToLtrt) 00 10 7U 

AT   Trilb   HOiriT.   i   NÜKMAU   VLCIOK   PASSINCJ   THKCl^-ort   TMt   OtSlHED  POINT 
01.   SUkrAtf.   A   MAS   ot'.N   FOUf.U.   IT    Is   A   UNIT   Vt-.CTOH   HAVING   THE 
CflMPONtNtS    tVA.vr.V/).   IT   PASbfS   TMWOUOM   SURFACE   b   AT   THE   POINT 
WHtHt   A=iId-l»ÜA)>'SCALtX   AND   r = (JH-I »0 f) »SCALE r.   NEA.T   WS   WILL   FIND 
Tnt;   POINT   AT   «HlCM   IT   INIEKSECTS  SUHFACt   C,   HE   WILL   FIHST   OUtSS 
TiAT    IT    ."iTEKSeCIb   SURFACE   C   AT   ThE   SAME   COOHOINATES   AT   WHICH   IT 
IMr.-VSELTS   SURFACE   b.   *t   WILL   THEN   HEFINt   OUW  GUESS. 

IC-!d 
JC'Jd 
U<C=UX 
Orc»ov 
^A = ;.IIA.JA) 

80   VFCK = SI.ALFX«(1ä-IC-DXC) 
VtCf = S(.ALEr»(JA-JC-D»C) 

This   lb   THE   MAHMONK   INTLHPOLATION   SCHEME. 

I 

1 

! 

i 

■CZ=ii -(u-iMC)o(i-OYC),,C(ic.jC)«uxc«(i-Drc»«c(ic»itjC) 
urcMi-o*C)»ctic.JC»i)»üxcoürc»c(ic»itjc«in 
sl.r<T(v£C/.«VLCX.vtCr«VEt.*«VECZ»VtCZI 
rtAG.CQ»0»OI   00  TO  ftS 
LX/VfcC*)AO 
tr/VtCMAG 
■-Z/VECHAO 

i/tCA"vx.>;tcr«^Y»vEcz»vZ 
SuPT(1.Ö-CUSAN&«CÜSAMG) 

MARINO   THE   SIMPLIFYING  ASSUMPTION  THAT   C   IS  A  LEVEL   SUBFACE» 

ÜIST:vLv.:ltC.'>SINANü 
3-/<«(VA^VECA) »SltrflU .C.C'JSANO) 
L);'= tvr-^rCr )».-ilOr,tl .OICüSANG» 

□ »■.■'AO^si.vr i.^x«t/VX«;jvY»uvY) 
IF    (OV«AJ.tt).0.0)   OVMAGMO.OE'bO 
D.X = J;X/L VM-O 
UvYi'jvY/JVMAG 

VfCKAO 

If     tJ?L 

vrcx-vt 
vFCr»vt 
v-f r»v!; 
,-■ i ro M 

b2 «-Cx^O. 
VI CY-Ü. 
Vfcz*o» 

d*. CMANG» 
SIMAfiO1 

c 
r MAKIN'i 
C 

i 
:   «Al.Ut   JF   .-IIST  uivtb   THE  DISTANCE  AT   WHICH  THE  NEXT   ITERATION 

TI.   BtCilli,   Tnt   VALUES  OF   DVX   ANU  liVY   GIVE   THE   liihECTION. 

i)*CN'l'Xv«OtsT»l}¥*/SCAut* 
|>YC(.«ÜTi.»oisT»tlVt/SC*tfT 
1 ü BLiALN 
JY»OTLN 
nxCr. = LXLri-Ix 
DYCN^OVLN-jr 

THIS IS THE LOGIC Fü^ STEPPING bACKWAKO OVEK GHIO SÜUARE EDGES. 

IF (tMON.GL.O.O) 00 TO 90 
0>CN = J*i-N« I .0 
I<=1X-1 

SO If lOTvh.CE.O«?) GO TO 1Q0 

I 
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I 

r 

f 

i 

i 

t 

jr=jr-i 

THIS   IS   iMt   LOGIC  fQk   STEPPING  FORWARD OVER  GRID  SQUARE  EDGES. 

100   IC=IC»IX 
JC = JC«Jif 
OKC^nxtN 
OYC=L;'(-N 
IF   (IL.LT.D GO   TO   120 
IF   UC.GT.MA) GO   TO   120 
IF    (   L.LT.I) GO   TO   120 
IF   ( JC.QT.Nn GU   TU   120 
DIST<=(lB.i)X-IC-ÜXC)»SCALEX 
OIST f'UH^ÜY-JC-OrO'SCALEY 
DI ST r = V^*VMAr,-v£CZ«VECMAG«S10N(1.0.COSANG) 
TfST = DIbI/bUPT(LiISTXBOISTX.UISTY»DlSTY«DISTZ«DIST2) 
IF    (TE5T.LT.0.01»      GO   TO   110 
IF   (OIST.GL.TULEH)   GO   TO  B0 

5TOPE   DISPLACEMENT   FHOM  SURFACE   C   TO  SURFACE  B ALONG   (VXtVYtVZ). 

110  SUMMSU«X»Dl$TX 
SljMY-SuMY.OISTY 
StJMZ«8UM2*0ISTZ 
CrHjNT=LUUNT.l,0 

120   CONTINUE 
130   CONTINUE 
1^0   CONTINUE 

IF (COUNI.LE.0.0) GO TÜ 160 
NPTS=NPIS«1 
PniNT(l«NPTS)=(IA-l)«SCALEX»SüMX/COUNT 
POINT(2.NPTS)=(JA-1)«SCALEY»SUMY/COUNT 
&OINT(J.NPTS)=A(IA.JA).(bUM^/COUNI) 
IF (PülNT(l.NPTS).Lr.-SCALEX) GO TO ISO 
IF (PÜl!<T(2.NPTS) .LT.-SCALEY) GO 10 150 
IF (POlNKl.NPTSI.GT.INX'mSCALEX) GO TO ISO 
IF (PÜINT(2.NPTS).LE.(NX«1)«5CALEY) GO TO 160 

150 NPTS=NfTS-l 
160 CONTINUE 
170 CONTINUE 
180 CONTINUE 

ME HAVE NO« DISPLACED ALL OF THE GRID POINTS OF SURFACE A. «E HAVE 
PLACED THE RESULTS IN THE POINT ARRAY. ME HAVE DISCARDED THE 
RtSULTS FOR GRID POINTS MH1CH WERE DISPLACED MORE THAN ONE GRID 
SPACING OFF OF ThE SIDE OF THE GRID. Wt MUST NOW DETERMINE THE 
HEIGHT OF THIS DISTORTED SURFACE AT EACH GRID POINT. THE RESULTS 
OF THIS COMPUTATION WILL BE PLACED IN THE D ARRAY. 

185  N=12 
IF    (N.GT.NPTS)   N=NPTS 
DO   310   1=1.NX 
XsU-ll^SCALEX 
DO   300   JM.NY 
Y=(J-1)»SCALEY 

FIND   THE   N  POINTS   «HlCH  ARE   CLOSEST   TO   THE   GRID POINT   IItJ>. 
STORE   TnEM   IN  ORDER  OF   CLOSENESS   IN   THE   ARRAY  NAMED  CLOSE. 

DO   ISiO  K»lfN 
CLOS'1K.<.|»10.0£»50. 

190   CONTINUE 
DO 250 K=1.NPTS 
OX'X-POINTU.K) 
nYiY-FOINT(2.K) 
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. ' I'l 1  Ji/- J * - .. A • I.H " J r 

If    (01irsCi.C>£,.CLOiE(N»*>)   GO   10 i^O 

iüO   IF   (DI8TMt6T.CL0S6<L»<»H   GO  10 210 
L-i -1 
lr    iL.or.O)   GU   TO  Ü00 

210 L=L«1 

iiü   IF   iMM.Lt .U   GO   IC  230 
CtOSE(NN«l I-CLüSE(;JN-I,1) 

Ci C5EINU«?)»Cl.üSlCI*«f;-it2» 
Cl.GSE IWi.» 3I=CL0SMNN-1.3) 
CLOSE I iii»^» =CLCi)t (NN-I .M 

\<.-K-:-i 
GO   TO   2^0 

cit   ClOSt (L»l)-^OI'.T!l.i<l 
CLOJE (L>2)=ri0iiT<<;«f;) 
Cl   .'irMLOj^Ol.JlCJtKI 

■JiE(L.'.)=OIiTbQ 
Ü0   L    ITINJL 

260 CoNTU.ut 

i 

1 

1 

ftrTE»   KlTTlfG   A   StC0N0«&E6HiE   HOLVNOMIAL   TO   THE   CLOSEST  POINTS«   «E 
C.U CUtAie   Aiiü   STÜ«t   Tnf   MtlOMT   OF   TME   SU«FACE   AT   THE   OHIO POINT. 

260   C/l 
IF 
M. . 

[f 

270   f 
1 
2 
3 
4 

mi 

(i 
WhE 

IN 
;\T 

KL 

b 
KII(2 
AG.Lt 
vMoi 
1! -J.L 
<Cl.    I 
(»»vnO 

IHM 
f 10 
7- 

»2 
iNI 

1 .- 
'.lt- 

l 

1*8 fu 
2o-5 Ci. 

2^0 LM 
JOt Cl 
J1C Ci 

.rrtt 
INT 

.-.-'Al 
iNTJI 
1) = 
l.jl 
M I' 

T.i.v' 

10M" 
U.I" 

U«l»N 
äeO»   L 

I JOAt 

r,r 1, CL Jit (1. »».CLOSE (J.2 It CLOSE (I. 3».Q.IFLA&I 
GO   TO   290 

GO   TO   260 

»<   AT   STMT   270   OF   bEMJE«   -   S^FIT   CANNOT   FIT   A« 
E   TO   POiNT    l-.Ii.'.fi.   J3iI3.1SHt   THAT    IS   EAST». 
i   NOKTt1»»nO»i|7M«   OSINGi/«lH0>26AiSrtPOlNT« 

.aX.SnLAST   OW   X.ax. 10nNOr<TM  OW   Y.'.X.6MhEIGMT. 
hX,6MDISTbO./»27X.l2M--—— t'.X, 
 ,i,x. JOM ——.,<,XtllH———— »<.X» 
 -) 

. (CLOSC. lt«K) «K«! .<») 
l4.S>X.FlU.l<<>X>FlO.It<lX,Fll.l«<>Xin0.1) 

10,0£»50 
. (1) .C(2l#X»Q(3)»Y.Q(<.»»X»X«Q(i>)»X«Y.0(6»«r«r 

c. 

fnIS ENTKT KOINt JS OStO IN TILTING TnE SOKFACE (CALLEC A). A 
»,'.-..f* uF OtG^rES U.tC). IN A KIGriT-hAMOEU FASHION. AROUND A 
MC'iIÜONfAl. v'LCTO« TnW..,uOH THE POINT X = PTX. Y = P IY . Z = P T^ . WHICH 
(-..;, , IN A i;Ii>cCTluN r'Hl »MICH !S MEASOPEO IN OEOKEES« IN A 
CoMPAsa-tJKE FASMlu.'g F KOM NORTH (OW EOOIVALENTUY« TME i   AXIS). 

•»•»•übsOO 
t    T~r   TiLT(NXiNfiSCALEx.äCALEY<A.O£ü.AXlS«OtPTX.PTYtPT2> 
H (>  . w  W 

I »»^»(..OL^.^UO 
t.'.V-i-   TiLT 
CUT»!   TILT 
DFC-«H 
1» IS=L 
PTA«E 
» T Y » F 
PT2»& 

i 
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[ 

! 

1 

1 

I 
1 

c 
GAMMA=üt0/57.i^SV795 
pMl=-AXl5/b7.2957795 
SINPHl=blN(HHl) 
C05PMl=LÜSIHriIl 
NPrS=0 
00 MO I = ltNX 
00 t>00   J=1.NY 
Y=(J-1)»SCALEY 
Xs(I-ll*SCALEX 
NMTS=NPIS»1 
Z=A(ItJ)-Pr2 
P= (X-PIX)»COSPHl»(r-PIY)»SINPhI 
00=(PTX-X)»SINPH1MY-PIY)«C0SPHI 
THETA = Sl&N(I .'>70V9633Ii!) 

C 
C     (1.5707^633 IS EQUAL 10 PI OVEH TWO) 
C 

IF IP.NE.0.0) TH£TA=ATAN(Z/P) 

ppRIMf=rt»COS(lHETA-GAMMA)«SIGN(».0.P) 
POINT(l.MPTS)=PPHIME,Ca5PHI-Q0«SINPHl«PTX 
POINTC^.MPTSlsPPHIME^SINPHl'QO'COSPHI'PTr 
P0INT(3.NPTS)-PPHIME»TAN(TMETA-GAMMA)*PT2 

«•00 CONTINUt 
<>10 CONTINUE 

GO TO 105 
END 
SUdROUTlNE P*GEP(N) 

C 
COMMON /IOCOM/ NL1NE«NPAG£ 

c 
DATA   MAKKEH   /I/ 

C 
IF    IN'M.lNt.LE.'.O)   HETUhN 
NOAGE-n^AGE»! 
IF    (MARKER.EQ.l)   GO   TO   20 
PRINT   10 

10   fO^MAT    (IHÜ.25X.6UM0 1 2 3 * 
AS 6 7 fl./.26Xt80H123*567890123<>567b90123 
B<.567890121 <.567B901234567890123<.567890123*567090123'.S67890> 

20   PRINT   30.NJAG£ 
30   Fo«M*T    (lHit50Xi30HIMAGES   OF   CONTROL   CARDS   FOLLOW.'tSX.SHPAGw   .13» 

PrflNT   10 
NLlNEs" 
MARF<EH = 0 

RETURN 
C 

ENiTRY   EPAGE 
C 

IF   (MARKER.EQ.l)   RETURN 
POINT   10 
M/VRXER^i 
RETURN 
EfjD 
SUBROUTINE GRAPh(GRID.H.N.NPLOT) 

C 
C    THIS SUBROUTINE PRODUCES X - Y (THAI IS. EAST - NORTH) PLOTS OF 
C    GEOLOGILAL SURFACES. IF THE SURFACES ARE MORE THAT TWELVE DATA 
C    POINTS WIDE. IT PRINTS THEM OUT IN NORTH-TO-SOUTH STRIPS WMlCM 
C     ARE SAtM NO MUHE THAN TWELVE DATA POINTS WIDE. ANO WHICH CAN 
C     BE PLALED SIDE BY SIDE SO THAT THE WHOLE SURFACE CAN BE SEEN. 
C     A SIMPLE FORM OF UATA-CUNTROLLED FORMATTING IS USED. 
C 

OIHEKSION GRI0(30.30).Ni.*BELU2) 
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r,.,T„I.--l 

10 L IM!»L IrtM»ttJWrt» 1 
i,, ?Q i-i.. iw: 

30 foSHAl li-.'ni/ »(ALUti FUK 
1 bbn QK ln£ P*&L» 
2 ?3r( NO^TM = Y OK 
O.l ?80 r\ = l,N 

K1G * 0 * 0 
DO 70 :»L0*M»LIM*( 
'.. 1; i- - -.; - > 0 11 i f I • J) ) 
!F (SI/t-HlO) oütbO.bO 

C (UTlNUt 
U    (t)lC-l.O) dO.lDÜtlOQ 
P-'l;.T '<uO. (o^I'jdiJI.^l-OWMtLIMM) 
f ,K".'.I (/////«l*t I'H'JX. liMFb.ö»^*) I 

C,o TU .-:/C' 
rr   ciR-in.O)   iio.ljotiju 
(.„isr  üo.j.iuHiuiiij).;=LO«(M.LIMM» 

C,:i  TO iH 
if   (JlO-UO.üi   l*ü»l60»l«O 
PJl:jT   1'JO, J. (tjKlull.JJ.l'LOiM.LlMHl 
ro^MAT    (/////. U.l;"5X.l<;(Fd.'..2*) » 
Cv-j  10 2/0 
',    talu-lviOO»!*!    i/l;.19ui ISO 
palt.T   i^O. J. (0 .I^U.J) .i-LO.M.LlMMI 
F;jk«AT   i/////.ix. l'..sx.l«:lF«.3«2x>> 
(, i   TO   Ü/0 
if tbto-ioooc.oi ijo.ji'o.a^o 
r.-'IsT   ilO«J»(OKllJtl«J)»l»UO*MitJMM) 
rnwMAi   i/////»l*tl«iSX»l8<Fi»8iM)l 
50   TO   270 
[f    (rtIö»10OOÖ0«OI   2i0.2b0.2S0 
i-I'.T   ^..0, j, (Oi^IJi I . Jl t I=LO«M.Ulw.y> 
F ,-MAT    l/////. lx> U.ix.Ufr 6.1.2X1 ) 
& i   TO   2'0 
P*INT   ^ = 0.J. (uHlülI.Jl.I'LOmiM.LlMM) 
K   -'A'    v////.lX.I'..bX.12(FS.0.2X)» 

C.i'iTINUfc 
COfiTlSut 

50RFACE ,I1.26M - NOHTH IS TO.AHO THt TOP 
tAST IS TOWAKO IME MIGHT. (EAST ■ » 0« I• 

J)   STHIP   .11) 

SO 
oO 
70 

PV 
TO 

100 
11 j 
120 

no 
NO 
ISO 

1'ii 
1 I'O 
I «a 

Hü 
200 
ilU 

223 
2J3 
2-<ü 

2b D 
2c a 
2/C 
i:o0 

i-'O 

JJO 

(..[•IT   2V0.    iNLAhclLi !) .I^l.LIMl) 
,->V:T   (/////. l 1A. li;« I<t.6X)) 
;•    (.•-L."'")    310.JIO.J01J 
I.  , /. ^ = L ^ * ^ ' 1 C 

Nr«>«=Lu*M< 11 

N$Ti»:«>»'iSTRtP«l 
GO  TO   iä 

1 

"i 

11 
"I 
i 
I 
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I 
I 
1 

B 

I 

n 
i 
i 

i 

i 

310 HFTUftN 
END 
SUBROUTINE MELAXCOHIÜ.M^N.TOLER) 

THIS SUdHOUTINE RELAXES AN M BY N GRID OF DATA POINTS SO THAT 
LAPLACES EQUATION IS SATISFIED WITH RESPECT TO THE BOUNDARY 
POINT VALUES GIVEN. M IS THE COLUMN INDEX, N IS THE ROW INDEX. 

DIMENSION GRIO(3U.30) 

FIRST, INITIALIZE THE GRID BY LINEAR APPROXIMATION. 

LIMM=M-1 
LIMN=N-1 
DO   20   I=a.LIMM 
DIFF=(GKID(I.N)-GRID(I,1))/LIMN 
ÜO   10   J=2.LIMN 
GRlO(I,J)=GrtIÜ(I.l)»(J-ll»OIFF 

10   CONTINUL 
20   CONTHiUt 

IT6H»1 

FOUR DIFFERENT RELAXATION PATTERNS ARE USED ALTERNATELY. 
THIS SPEEDS UP ERROR PROPüöATION, AND THEREBY« CONVERGENCE. 

30 LOW« = 2 
LOKN = tf 
LIMM = M - 1 
LIMN = N - I 
I'JCRM = 1 
IN'CRN = 1 
CO TO 70 

*0 LOWM = M-l 
LOkiN = 2 
LIMM = 2 
LIMN = N-I 
INCRM = -I 
INCSN = 1 
GO TO 110 

50 LOWM = M-l 
LOWN = N-l 
LIMM = 2 
LIMN ■ 2 
IMCRM = -I 
INCRN = -1 
GO TO 70 

60 LOWM = 2 
LOWN = N - 1 
LIMM J M - 1 
LIMN *   i 
INCRM = 1 
INCRN » -1 
GO TO 110 

J .11 HIN I RELAXATION (INDICES CAN CO UP OR DOWN» 

70  BIGDIF=0.0 
I=LOWM 

80 J=LO«N 
91   TfSTVAL^GRILMI.Jl 

G»IO(I.J)=0.2S*(C!HID(I*l>J)*ORID(I-l«JI*ORIOII«J*ll*GRIO(If J-D) 
CHANGE=AdS(TESTVAL-G«IDtI.J)l 
bIGDIF=AMAX| (CHANGE.BIGDIF) 
IF   U.EU.LIMN)   GO   TO   100 
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GO TO 90 
100 If (I.tu.LlHHI 00 TO 150 

I = I.lNt.KM 
GO TO h(l 

I   h.lHlN   J   RELAXATION   (INDICES  CAN  00  UP  OR   OOWNI 

110   HIC>OIF = 0.0 
JaUO(*N 

l^0 I--LOKM 
130   TfSI*AL=OKIU(IiJ» 

O.'llKl.JI-U-.2lJ,5lüKlO(I.l.J)»OR10(I-ltJI»öH|0(ItJ»l»»ORIO(ItJ-l)) 
C"ASi,f.=Aii- I ft>-.l VAL-&«IDIItJI» 
H10D1F = AMAM (CHANGE.» I GO IE» 
IF    (l.t.J.LlMM)   00   TO   140 
I = I»INl>M 
GO   TU   UO 

l<tO   IF   (J.tJ.LlMN)   GO   TO   IbO 
JiJ.lNCcN 
GO TO i<;o 

CHECK FuH CONVEkOENCE 

IbO IF (BIGUIF-TOLEH) 170.l70tl60 

IF NOT «ITrtIN TOLt»ANCt. REPEAT RELAXATION USING NEXT PATTERN. 

160   ITEB=IT£*.l 
IF    IIUW.OT,»»)    ITEH = 1 
0!)   TO   (J0<<*0f50>60)tITER 

OTrtF.fl^IbE.   RETURN 
170   HF.TUWN 

E'Jl) 
SUHW0UT1N£   SHFIT    (N0WD.M.X.Y.Z.A.1F) 
I'.TEOER   FK.FJ 
DI«£NSi>JN   A(SO) vB(50).F(S0).X(50».Y(50)i 

1 Z(bU)>PHI(50.S0)tBIN(S0<50) 
IF = 0 
L/Mirj = 0.Uü01 
NOi'irjOf'L)»! 
N"NO?#IWP»l 1/2 
DO   ?<.0   JS=1,N0P 
D't t*a  KS=i.jü 
I=JS»(Jb-l»/2»KS 
DO ««0 K=1.M 
<x:1.0 
YY=1 .0 
IF (1-1) JbO.BO.lO 

10 IF (I-3> 20,30.40 
^ü  x< = x(K) 

G'l TO BO 
30 if-UK I 

G'l iO t)0 

F.J = KS-I 
IF (f«) 60.60.50 

bO »» = > t«J*»fR 
60 IF (FJI 80.80 «70 
70 YY=f(K)««FJ 
do CONTINUE 
vü Fir)iXA^YY 

Ai I ) --Ü.U 

IF (I-ll 1Ü0.100.12Ö 

I 
I 
I 
1 

I 

i 

1 
I 

'! 
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I 

i 

JCO DO 110 J=ltM 
110 I) = D^F(J)*FIJ) 

J=SQHT(U) 
GO TO 200 

120 IM=!-l 
oo r-:. I«I,IM 
T»&.o 
DO   1     .   J=l«M 

131)   T=iT (JJ^PMKJfrO 
B(K)=T 
00   l^O   JH.M 

14(1  F(J)=F<J)-T«PMI(J.K) 
15'J   CONTINUE 

00 160 JsltM 
160 0-0»FU)*F(JI 

0=SQ»T(Ü) 
IF (O-OHIN) 250.250.»70 

170 CONTINUt 
00 190 K=1,M 
T = 0.0 
00 1B0 J=K.1M 

180 T=T-B1N(K.J)»B(J) 
190 BIN(K.I)=T/Ü 
200 CONTINUt 

HIMI.n-l.O/O 
00 210 J»1.M 

210 PHI( ,.I)=F(J)/D 
T = 0.0 
00 220 K=1.M 

220 T=T.PMI1K.I)»Z(K) 
DO 230 *«l.I 

230 A(K)>A(K)»T*BIN(KtI> 
2<>0 CONTINUE 

RETURN 
250   IF=1 

R'.TURN 
END 

1 

I 
1 VI-45 



! 

B. PROGRAM TUNNEL | 

PMüGWAM TUNNEL       _.. _ 

1 
1 

c f<EAr   GEOLOGY   FILEt   CREATE   TUNNEL  FILE 
C 

COMMON /TPOLE/ XXtrr./^tII.JJtLL 
CnMMüN /oEOLFL/ NX.Nr.bCALEX,SCALED.INDEX(Z5>.PH0P(6t25l 
COMMON /NErtPT/ Xl.n.Zl.X2.Y2.Z2.XM.YM.2M.DLtLS£GN0 
COMMON /OPAKM/ 01AM.XOMIG.YOHIG.UNIT.DELTA 

C 
RIMENSION CARDINCSI 
DtTA LUMDL /O./ 
DATA ILOUNl /O/ 
D'.TA IfLAG /O/ 
DATA INLND /O/ 
^V.TA LFIN /O/ 
DtTA LbTLL /O/ 
CAIA iLNGTM /O./ 
DATA LArtUIN /b«0./ 

C INITIALIZE 
OIAM   =    10. 

XOrMG   =    1. 
YO^IG   =   1. 
unlT   =   1. 
OFLTA   =   20. 
LSEGNO   =   0 
XI    =   0. 
Yl    =   0. 
7\   =   0. 
X?   =   0. 
ig   -   0. 
I?    *    Ü. 
RFWIND bO 
HEKIND '«O 

c 
C HEAD GEOLOGY FILE 

CALL Wl'otOL 
c READ PARAMETER CARDS 

C 
dO IF (I\;ENÜ .FQ. 1> GO TO 300 

WFAD 1U0. Irf.T. (CARD1N(I).I>I.5I 
100 FOHMAJ IA6.-.X<b(F10.'t| ) 

ICOU.'iT = I COUNT • 1 
IF (IK|* .ED. 6MNEKLEG) GO TO itO 
If    (iREf .TM     brtSTA^T ) GO TO 170 | 
IF (iRtY .Lii. brtENO   ) GO TO 180 
IF (1KEY .tO. 6HQPTIÜN) GO TO 150 
P^iNT 110. IKEY T] 

110 FORMAT (30HQEMWOH - INVALID KEYWORD ON INPUT CARD tA6 ) 
GO TO *00 I 

C OPTION CARD READ 
150 IF (ILOONT .EU. II GO TO 160 

p.MNi 155 n 
lb5 FORMAT («.TrtüEKPOH - OPTION CARD. IF PRESENTt MUST BE FIRST ) 

00 TO »00 
160 IF (CAWOlNdl .GI. 0.) Ü1AM = CARDIN1I) 

XOP1G = l.AHüIN(21 
YOI'IG = CAküINIJ) fl 
IF (f*«OlNU) .GT. O.I UNIT = CARDIN(<.I 
IF (CAhlülN(5l .GT. 0.1 DELIA « CARDINIS) 
GO TO bu 

C 5TART CARD READ 
170 P«INT 172. DIAM.XORIO.YOR10.UNIT.DELTA r^ 
172 FtMMAT (26mTUNNEL OPTIONS -     DI AW,9X.5MX0RI0t I I«f 5MY0RI0. 10X» 

•  i.MüNlT.8x.5MDELTA/17X.F10.3.2X.2(F»*.3.2X».2(Fl0.3t2X»// 
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f 

r 
D 
D 
I 

i 
I 
I 
I 
I 

SoMülUNNtL f1LE - POblllüN     PHOHtMTY I PROPERTY 2 t 
SX.bbHHHOPEHTT 3 PROPERTY <.    PROPERTY 5 PROPERTY 6t 
aXt^MFLAG /> 

*1 x (.AHOlN(l) 
Yl a c;ARDIN(2l 
71 ■ CAfsOINO) 
GO TO 8U 

ENO CARO FEAO 
180 INENO 1 

NEWLEG CARD REAC 
190 A3 = LAWDINd) 

Y^ = (,A«DIM2) 
Z2 s tArtOINO) 
LSEGNO  »  LSEGNO I 

SLNGTM 

PROCESS TUNNEL LEO BETWEEN (XI,VI.21. 
ANÜ U2>Y2t22) 

(X2-Xl)»(A2-Xl)»(Y2-Yl)«(Y2-Yl)»(22-Zl)»«Z2-Zn 
SORT UKWK) 

OL 
ir 

■ o. 
(LSIGNO .OT. 1) GO TO 2S0 

FIND LAYER OF BEGINNING POINT 
3 XI 
= Yl 
■ 21 

CALL GtTLYH 
LSTLL = LL 

XX 
YY 
Z2 

ESI POINTS ALONG TUNNEL MlOLlNE IN 
INCREMENTS OF DELTA FT. 

250 OL = OL ♦ DELTA 
IF (OL .6T. SLNGTH) OL ■ SLNGTM 
CALL NEWPNI 
XX = XM 
YY = YM 
27 = 2M 
CALL GtTLY« 
IF (OL .LT. SLNGTM1 GO TO 260 
LFIN = LSEGNO 
GO TO 270 

260 IF (LSTLL .EO. LL) GO TO 2S0 
NEW LAYER ENCOUNTERED 

270 DDL = UL • CUMOL 
LPHOP • INUEX(LSILL) 
PHINT 27b.OOL. (PHOP(I.LPROPI.I»J.6».IFLAO 

275 FORMAT (11X.7(F I*.*. IX) ,2X.1<.) 
277 I^0PTEMiPR0H(2.LPROP) 

WPITE (<t0.2»0) DUL.PROP (1 .LPROPI . IROPTEMi (PROP! I.LHROP» . IO.<k) t IFL* 
IG 

2B0 FOHHAT(2£18.10.I5.<)E1B.10.I5) 
IF (OOL .LT. 0.) GO TO 310 
LSTLL » LL 
IF (LFIN .LT. LSEGNO) GO TO 250 

ENO OF TUNNEL SEGMENT HAS BEEN REACHED 
XI < X2 
Yl « Y2 
21 < 22 
CUMOL ■ CUMOL ♦ DL 
GO TO 80 

ENO OF JOB 
300 OUL » -100. 

GO TO 277 
310 PNINT J20 
320 FORMAT (2TM0TUNNEL TERMINATED NORMALLY » 

I 
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«.J, CAUL   tJ.il 

SUHROUIINE.   üETLrR 

PURPOSE F1NÖ  LArtR (LL)    IN   WHICH   THE   POINT 
13   LOCATED 

COMMON   /fPULE/  XX,rr.ZZ»II.JJ»LL 
COMHON   /JEULFL/   NX.Nr,bLALEA.SCALEY.IN0£A(25).PR0P(6i25) 
COMMON   fUVmM   OIAM,XOkIü.YORIGiUNII»D£l.TA 
COMMON  Z^bAvE/   ZSTOR   <30.30.2b».LFLAG(2b» 
DIMtNÜÜN   /H0LrM2bl 
D^TA   ZHuLO   /2b»0./ 
DATA   LilULD   /0/ 

i 
i 

i 

120 

LNOLD • 0 
DO 120 J 
ZMOLUIJ) 
CONTII-lUt 

1.25 
-10.0 ESI 

XCOOW = 1 ♦ (XX-/OHIO) 
luCW = XCOOH 
iHl ■ I LOW « 1 

f1NÜ I INTERVAL FOR ÄX 
/ (SCALEX'UNIT) 

YCOO« = 1 ♦ (YY 
JLOW = YCÜOH 
JHl = JLOW » 1 

FlNU J INTERVAL FO« 
•YOR1&) / (SCALEY • UNIT) 

YY 

C SEE IF POINT IS OUTSIDE I J GRID 
IF (1LOW .LT. 11 GO TO 700 
IF (IHl .6T. NX) GO TO 730 
IF (JLUW .LT. 1) GO TO 7i0 
IF (JHI .GT. NY) GO TO 760 

c EXAMINE THE <• tl.J) POLES SURROUNDING 
c 

c 

n = ILO* 
J.J = JLO* 
C'.LL F1UUL 
LHOLO • LL 

JJ = JMI 
CALL Fl.NOL 

(XX.YY.ZZ) FOR LAYtR(S) INVOLVED 

p 
IF (LH')L1; - LL) 310,2<.0>J10 

c 
2*0 M = 1M1 

CALL F1NOL 
IF ILMÜLD - LL) 310.26U.310 

-   1 

I 

"i 

! 

i 

2b0   JJ   s   JLuW 
CALL   FlHDL 
IF   (LHÜLÜ  -  LL)   310t<>bO.3JO 

C 
C INTERPO 

310 XA = ILU* 
YM = JLOW 
XH = )-' 
YH = JLv/W 
xrl - iLüw 
XC = XLJOfJ 
rr = jni 
Dn 3üj J=I.2S 
IF <LFLAOiJ) .EU. 0) GO TO bOO 
L fW s J 
2u   ■ Zblü-* (ILCIW. JLOw.LYK) 
ZH = ZblOkdHl.JLOW.LYR) 
ZC1 -   ZbTOw(lLOW.JMl.LiK) 
ZC2 » ZilOR (IMI.JMI.LYR) 

0 

0 
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I 
I 
I 

I 

! 

I 

I 

HHO   COIMI UN UM.   bLI-LIN (iLUHtJHIiiXU 
AND (IHI.JHliiCi) WHICH IS AT XX 

UC^ - ZCl) ♦ ZCi 
DERIVE EUUATION OF PLANE OEFINEO BY 

(XA.YA.2A).(AHiYBt2B)tlXC>YC«ZCI 
YA«Zö.YC»ZA»Yb«ZC-YC«ZB-Yb»£A-YA»^C 
ZM»*tWC*AA«Zd#XC-ZC'')iH-Zb»XA-ZA»XC 
XAOYB^XC'YA'AB'YC-xC'TB-XB'YA-XA'YC 
XA'YB'ZC'YA'ZB^XC'ZA'XBOYC-ZA'YB'XC-YA'XB^ZC-XA'ZB'YC 

bTOHE Z FOH PLANE AT POINT (XXtYY) 
A«XCOOR / k. 

ZC = (XtOOR - XC1) 

bOO 

blO 

ZHOLDU) = 0 - B»YCOOH 
CUNTlNUt 

FIND LOMEST ZHOLOUt S.T. 2HOLOIJ) CT ZZ 

b50 

570 

700 
702 

70S 

ZLOrf ■ iWiV)• 
LL = 0 
Do 5S0 J=1.25 
IF (LFLAO(J) .EÜ. 0» GO TO S50 
TFSTZ = ZHÜLO(J) 
IF (TESIZ .LT. ZZ) GO TF 550 
If    (TEbTZ .GT. ZLOW) To TO 550 
/LOW '   'ESTZ 
LL = J 
CONTINUE 
IF (LL .GT. 0) GO TO 950 
PPINT 570. XX.YY.ZZ 
FORMAT OiiHOERHüH - Nu LAYEK FOUND FOR POINT .3(Fl<..3. IX» > 
GO TO 900 

POINT WEST OF GHIO 

11 ■ I 
IF IJHl .GT. NY) GO TO 7<t0 
IF (JLÜK .LT. I) GO TO 7*15 
JJ = JLUW 
CALL FIUOL 
LHCLD = LL 
JJ = JMl 
CALL FIUDL 
IF (LL .tu. LHÜLU) GO TO 950 
DO 705 J=l.25 
IF (LFLAG(J) .EQ. 0) GO TO 705 
7C1 = ZiTOHdltJLOiK.J) 
Z"? = ZSTOR(II.JHI.J) 
ZHOLO(J) S (YCOOH - JLOtn • (zca-zci) • zc» 
CONTINUE 

730 

7*0 

7'.5 

GO TO 510 

II = NX 
GO TO 702 

JJ ^ NY 
GO TO 790 

JJ = 1 
GO TO T^O 

POINT EAST OF OHIO 

POINT NW OR NE OF GRID 

POINT SM OR SE OF GRID 

POINT SOUTH OF GRID 
750 JJ = 1 
752 IF (1HI .GT. NX) GO TO 770 

IF (ILUK .LT. 1) GO TO 7J5 
II * ILOW 
CALL F1NDL 
LHOLO • LL 
II *   1HI 
CALL F1NDL 
IF (LL .tu. LMOLU) GO TO 950 

I 
I 
1 
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IF (tfLAöU) .tU. 0) GU TO 755 

ZC2 = ^TOHdMltJJtJ) 
ZHOLDIj) = (XCÜOH - ILOW) • (ZC2 - ZCJ) ♦ ZC1 

755 CONTINUE 
Go TO 510 

C HUINT NOHTM OF GRID 
760 JJ = NY 

GO TO /b? 

C fülNT NE OF OHIO 
770 11 = NX 

GD TO 7^0 
C POINT NW OF GfllO 

775 II ■ 1 
790 ULL F1NOL 

GU TO VbO 
C 

I 
I 
I 

900 CONTlNUt 
CiLL tXlT 

950 CdNTlNUE 
RFTUKN 
Et-0 
SDBHOUTlNE NEWPNT 

C 

c   PURPOSE - GIVEN ENOPOINTS (xiiri.zii ANU (X2.Y2.Z<;I OF LINEI 
C FIND (X«»YM»|MI WHICH IS UL FT. FROM (Xl.YI.ZU ON LINE 
C     T6CHNlUUe»6AP«eSS YH ANU ZM IN TEWMS OF XM, UbING 2-POINI FOHM 

! 

0 

Of äTKAIGHT-LINE EUUATION. 
5Urt5TITUTE IN FORMULA FOP DISTANCE BETWEEN 2 POINTSt 

(XlfTl.Zl) ANU (XM,YM=F(XM)tZM=G(XM)!• > 

D 
(Xl.Tl.Zl) ANU (XM,YMrF(AM)iZM=G(XM)(. 

C ANU SJLVE FOR XM. 
C RtCUNSTkUCI YM ANO ZM FROM XM. 
C bPhClAL CASES EXIST IF XÜIF.YÜIF, OH ZOIF ARE ZEROt 
C InuS WEOUC1NÖ PRObLEM TO 1 OR 2 DIMENSIONS. 
t NOTE    - IF UL IS GT LENGTH Of SEGMENIt RLUTINE «ILL ABORT. 
C 

COI'MON /NE»PT/ Xl,YI^ZIIX^,Y2.^2^XM.yM.ZM^DL.LSEGN0 
DATA LSfSEG /0/ 
DATA MLUuE /0/ 
DATA IbKNCH /0/ 

DATA XUU .YÜIF.^DIFtA.B.Tl.Ta /7»0./ 
C 

NPOOf = 0 
>.■■'   -   0. 

y* -  ü. 
ZM = o. 
If (LStuNO .EU. LSTSEG» GO TO JO 

C       • v., 

C INITIALIZE   FOR  NEM  LINE   SEGMENT 
MCODI   »   0 
xnlf  =  X2 - Ai 
srnjf = it - Yi 
7I'IF = Z2 - Zl 
IF UDIf .to. 0.) MCODt = 1 
IF (YUlf .EU. 0.) MCUUt • MCODE • 10 
IF (ZUIf .to. D.I MCUDE = MCODE ♦ 100 

C      <■ • ...., 

C bRANCh ACCORDING TO CASE INVOLVED 
.EU. G  I GO TU HO 
.tU. 11 ) GO 10 GOO 
.EG. 101) GO TU 625 
.LO. in) GO TO 6S0 
.EO. 1  ) GC TO 675 

i 

30 IF IML'JUt 
If (HLüut 
If (MLUUE 
IF (MtOUt 
IF (MLÜUE 

I 
i 
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7 

i 
i 

i 

1 

I 
I 
I 
I 
I 

IF (MLCOt .EQ. lu ) Gü IU 100 
IF (MLODE .tO. 1Ü0) GO TÜ 735 
Pi^lNT 50 

50 FflBMAT laaHOEMHOH - ENOPOINTS IDENTICAL) 
GO TO SHO 

NORMAL CASE UDIFtYOIFtZOIF NON-2E«0) 
80 IHHNCH = 1 

IF (LStGNO .tü. LSTSEG) 00 TO 110 
SET UP COEFFICIENTS OF QUADRATIC EQUATION 

A = »•♦ (YÜIF • YDIF ♦ ZOIF • ZDIF) / (XDIF • XOIF) 
B = -2. • A • XI 
Tl = XI 
T2 = X2 
GO TO 1U0 

HtCONSTkUCT YH AND ZM 
90 XM —   RT 

XFRAC -   UM - XI) / XDIF 
fM = VI ♦ (YDIF • XFHAC) 
Z»   =   il   »    HOlf   *   XFHAC) 
GO TO 750 

SOLVE OUAOPATIC EQUATION 
100 IF (A .tQ. U.I GO TO 'iSO 
110 AtvG • <». « A • DL • OL 

TEST FOH EXISTENCE OF REAL ROOT(S» 
IF (AHG .GE. 0.) GO TO 300 
PPINT iOO*   A.BiAHG 

200 FORMAT (J6H0EHR0H - ARG IN NEHPNT NEGATIVE. A» tFl*.3t<tM B« • 
• Fl<>.3i6H ARGs •ri4«3) 
GO TO edo 

FIND ROOTS OF QUADRATIC 
300 A«GP • bÜHT(AHG) 

OEN = 2. • A 
IF (DEN .Eü. 0. )GO TO «»50 
RT = (-Ö ♦ AHGH) / DEN 

SELECT ROOT ON GIVEN SEGMENT OF LINE 
<.00 IF (Tl .LE. RT .AND. RT .LE. T2) GO TO 500 

IF (T2 .LE. RT .ANÜ. RT .LE. Tl) 60 TO 500 
NWOOT ■ NHOOT ♦ 1 
IF (NHOUT .t(l. 2) GO TO '•50 
m = (-d - AWGK) / DEN 
GO TO '♦00 

•.50 PRINT '•/Ü, A. b. ARG 
i*10   FORMAT (SIHOERROR • NE^HNI FOUND NO ROOT ON GIVEN SEGMENT. A" • 

• Fl<>.3><>H  8=   .F1<..3.6M  ARG«   tFU.3) 
GO   TO   BBO 

500  GO   TO   (   90.bHO.705.730).IbRNCH 

600 YM s Yl 
KM = XI 
IF (ZOIF) 610tb05i605 

605 ZM = Zl ♦ DL 
GO TO 750 

610 ZM = Zl-DL 
00 TO 750 

625 X4 : XI 
ZM s Zl 
IF (YDIF) 6)5.630.630 

630 YM = Yl ♦ DL 
GO TO 7S0 

SPECIAL CASES 
XDIF AND YDIF ARE ZERO 

XÜ1F AND ZOIF ARE ZERO 
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G(i TO 'bO 
roif AND ZOIF ARE ZERO 

bbO Y" = n 
l<   = ii 
lr-    tXOlFl 660.65b.655 

655 *y = XI ♦ ÜL 
GO TO '30 

660 KM = XI - ÜL 
GO   TO   '50 

C ONLY   X01F   IS  ZERO 
675   IfVRMtM  »  2 

IK   (LSTSEÜ   .EO,   LSECNO)   GO   TO   110 
4   =   U«   IYOIF»rDIFI/(2DIK«ZDin 

678  H   =   -2.»A  »Zl 
Tl   =   Zl 
T?   »   U 
G.i   TO   1U0 

6Ö0   A"   =   Ai 
ZM   =  HT 
YM   s   Yl   ♦   (ZM   -   Zl)   •   YU1F   /   ZOIF 
ftO  TO   750 

C ONLY   YOIF   IS  ZERO 
700   I-SNCM  »   3 

IF   (LSTiEG   .EO.   LSEGNOI   GO   TO   110 
A   =   1..   UÜIF»XOIF)/<2UlF«ZOIFI 
GO  TO  bJi 

c 

705 YM 

GO 

s Yl 
*  HI 
= XI . 
TO 750 

(ZM- >Z1> • XOIF/ZDIF 

ONLY ZU IF IS ZERO 
72s 1-fwM.n = <t 

IF iLitjKO .EO. LSTSEG) GO TO 110 
A = 1. • (YDIF»Yl)iF) / (XDIF«XOIF) 
B = -? • A • XI 
Tl = XI 
T? s X2 
0(1 TO 1U0 

710 Z" = Zl 
KM • BT 
Y< = Yl » (XM-X1I • YOIF/XOIF 

C     §#•♦••*•• .••••••»••• •••• ..„.,•.••••••••••••• 
C CHECK RANGE OF RESULTING POINT 

750 IF (Xl .LE. XM .AND. XM .LE. X2) GO TO 760 
IF (X2 .LE. XM .AND. XM .LE. XI) GO TO 760 
on TO bso 

760 IF (Yl .LE. YM .ANO.YM .LE. Y21 00 70 770 
IF (Y2 .LE. YM .ANO.YM .LE. Yl) GO TO 770 
Go TO asa 

770 If (Zl .LE. Z.^ .AND. ZM .Lt . Z2) GO TO 999 
IF (Z2 .LI. ZM .AND. ZM .LE. Zl) GO TO 999 

C     '•#0 ••#••••• • •••••••• 
B50 P;JINT ülüt   XM.YM.ZM 
370 F.I^MAT mnnOExMUR - POINT GIVEN BY NEwPNT NOT ON LINE. XM« t 

»       FK.J.bH YM» .F1'..3.5H ZM» tFl<..3) 
6aQ   CilLL EXIT 
9'>9 LSTSEG = LSEGNQ 

M(IUKN 

SOdROJTlUE RDGtOL 
C 
C     ENTRY RuGEOL MEAÜS ANÜ iiORES ALL GEOLOGY FILE DATA 

C     ENTRY FINOL DETERMINES UriAT LAYER <LL) INCLUDES POSITION ZZ 
C AT PULE (II.JJ) 
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COMMON /FPULE/ XXtYYfZZtII.JJ»LL 
COMMON /GfOLFL/ N*.NY,SCALEX.SCALEr.INDEX(25)tP«0P<6.25» 
COMMON /ZSAVE/ ZSIOR (30.30t25».LFLAG(25) 

C 
DIMENSION HOLD(27) 

C 
DO 30 1 = 1.25 
LFLAdU) = 0 

30 CONTINUE . . «.. 
KEAD (50.60) NX.Nr.SCALEX.SCALEY.(IN0EX(ILAYR).IL*YH"li25»» 

•       l(PH0P(l.lKÜCK).l=1.6).lR0CR«li2SI 
60 FORMAT (215.2(E16.10).2512»(£18.101) 

LIM = NX • NY 
DO 20Ü K ■ l.LIM 
RFAD (5U.60) (MOLO(L)»L^l.27) 

80 FORMAT l(E18.10)) 
1 = HOLLMll 
J = HOLL)(2) 
DO 150 1Z = 1.25 
ZSTOWd.J.IZ) = H0LD(IZ»2) 

150 CONTINUE 
IF (f .v>T. 1) GO TO 200 
DO 170 1Y » 1.25 
IF (M0LU(1Y.2I .GT. -10.0 E51) LFLAG(IY) ■ 1 

170 CONTINUE 
200 CONTINUE 

RETURN 
C 

ENTRY FINOL 
C I IND LOWEST MOL02{K) FOR WHICH 
c HOLDZ(K) GE 22 

ZLOW = V99999. 
LI. = 0 

600 DO 700 K = 1,25 
IF (LFLAG(K) .EO. 0) GO TO 700 
TFSTZ = ZSTOW (II.JJ.K) 
IF (TESTZ .LT. ZZ) GO TO 700 
IF (TESTZ .GT. ZLOW) GO TO 700 
ZLOW = TESTZ 
LL = 1^ 

700 CONTINUE 
IF (LL .GT. 0) GO TO 800 
PRINT 720. XX.YY.ZZ 

720 FORMAT (UMOEMHOH - POINT ,3(F1*.3.2X» .12HA80VE GROUND) 
CALL EXIT 

800 LSTII * II 
L5TJJ » JJ 
RETURN 
END 
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C. PR^SSAIi GENTNL 

PROGRAM ÖENTNL 
C 
C     THIS PWÜ&WAM GENtkATtS A TUNNEL FILE USING CARD INPUT ONLVi 
C bYPASSING GEOLOGY FILE REOUIREHENT 
C 

DIMENSION CO(S) 
DATA OPUS /-10./ 

C 
Bt'WINO "O 
P^INT ^005 

<.00S FnhMAT(///.2öX.33H GEOLOGY PARAMETERS FOR TUNNEL > 
PPINT 4006 

4006 F-|kMAT(//.äX.I05H THIS GEOLOGY   UNCONFINEO   ABRASIVENESS   ROC 
IK DUALITY       IN SITU      AMBIEN      WATER INFLOW t 
POINT <.U07 

4007 FORMAT UJUIOSM CEASES ATtFEETI  COMPRESSIVE OES 
> 

1 
1 
1 

1IONAT1Ü.N              TEMPERATURE RATE 
PrfINT   «008 

ä   FQPMATIbX.IOSH STNENGTH(PSII 
I                         (LH/FT"3) 
I 

<FT)                       «6AL/MIN) 
» 

100 READ 110t (CD(I)«I«lt8l 
110 FORMAT (dFID.d) 

CO(?)=CLM2I/1000. 
IF ICUU) .LT. 0. .OR.  COM) .OT. OPOS) GO TO 140 
PMlNT 120. CO(l) 

120 FORMAT (3<.HüERHOR - CAHO SPECIFYING POSITION iFlO.tt 
•      IbM OUT OF SEQUENCE» 
CALL EXIT 

1*0 IFLAG '   CD(8) 
Iä=CO(3) 
OPOS * COM) 
^-ITECO.aiO» (COII)fIsl<2l«IA((CD(JiiJ«4>7)«IFLAG 

«■lO FORMATIVE id. io.lSt<.El8.10. IS) 
IF (LUIl) .LT. 0.) GO TO V00 
P^INT 2b0. (CD(I>tI>lt7)tIFLAC 

250 FORMAT ( 3X.7 (Fl<i.<>t IX) t2Xl 14) 
GO TO 100 

900 PPlNT 910 
910 FORMAT ('•SHOTUNNEL FILE CENERATION TERMINATED NORMALLY > 

REWIND *>0 
CALL EXIT 
END 

I 

0 
i 

II 
[ 
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D. PROGRAM CONTROL 

! 

I 

I 
I 
1 

i: 
[ 
i 
i 
i 
i 
i 

GOLCTA   rOBTRAN   1.3  •   AUTO   PrL   •   (07-l?-72) 

PROGRAM   CONTPL 
00Ö003 COMMON  /WHFELS/  AFtAF,AHA»,AMAXLtAMJNL.BSL»CARCAP.CP.OF.OFtOTAS 

It     DTMA.OTll.FL.FC.FRtFTiHPA.HPEA.HPEV.HPFA.HPFV.MPVtLOCO.MCtML 
?,     NCAPStNOOTNT.NTDtNTM.NTMAXtXP.NTMILPtNTMLPP.NTRACK.SL 
3.     TCURVX(?0).TCURVY(2n).TMAINT.TWE»V0tVStVE.VFtVNA)(,WC.WLtX0S 
«t     MAXLO.NllM|.ntL0ltEtOUC.WIJC.STATUS(36>.WHY(Z4).MLTYPtWMRtECO«Of 
5 ECONSStELOCO.FMUCKC.ETRACK.ESWITCtEUNLOA.ERMAIN.IIBOREi 
6 ISW(25).NTINIT.TCCViTMCV 

000003        COMMON /OLOCOH/ IFILDtKST0P(?5».KUNLO.LSTOPtLVEHCL»NBrRVfNS«CM 
li  NTR0AtNVFHCL.NllMStfT.S«ITCH(?0).TFC(?5).T0P(?Sl.TSTAT(?5.«l 
2,     UTIME(2S»<LnAOR.MUKOT.XGS1IEXCA,MGS(5)tMCV.MFLAGCtDUMMY(20) 

000003        COMMON /NFWCOM/ LtFILD.LKSTOP(?S)tLKUNLOiLLSTOPtLLVHCL.LNSYRY 
It  LNSWCHtLNTR0AtLNVHrLtLNMSWTtFSWTCH(Z0)tFTFC(2SItFTOP(25) 
2t  FTSTAT(25t«.) tFIJT!MF(25) tLLOAORtLMUKOTtFXGStLIEXCAtLHGSJS) 
3t  LMCVtLMFLACtF0UMHY(l9» 

000003        DIMENSION C0M0LD(?60) tCOMNFt((?60) tLTST*T<25t*» t ITSTAT(?5.*» 
000003        EOUIVALENCE (NVEHCLtNTRAIN.NTRUCKIt(LVEHCLtLTRAINtLTRUCK) 

It  (COMOLOtIFlLD)t(COMNEWtLIFILOtIFILLD»i(NTf)*tLNTRO*» 
2t  (FTSTATtLTST*T)t(TSTATtITSTAT| 
3t  <LLVHCLtLI.TRANtLLTRUK>t (LNVHCLtLNTRANtLNTRUK» 

000003        COMMON /BORING/ CL(3>tCPCtDTAtOTCtDTCDtOTOiDTMtKKtPBMtR(100JtRC 
At RPMtTR.XCPft MASSEMtMBM,MflORCtMCl)tMOISAStLNCHN6tLNCUTRtNCUT«20» 
Bt  WEAR<100ltEBORFOtETRANS 

000003        COMMON /BLAST / ADBtAOH.AH.CBITtCBDRNtCCAP.CEXtCMtCPL.CSTEEL 
Bt LOttOBtLBITtLBURNtLSTEELt MENtNOtNORtNHtNHBtPFtPOBtPOOtTCHG 
Ct TINfTOUTtTYPEPFtXPLtJUMIN.JUMOUTti'JDRILPtNORILL 

000003        COMMON /CONVFY/    ACMtOTBStOWMtEFtFLtHPtOCtSMINtWBI 
1.  sio.xLF.MSlIRr.r.or.Oo.^M.nTrP.nTMR.AR.VItNFXONtMÖEOtXFtLNSURGt 

?   <;TIMr,Tn«o,nTMI tOTMOtFL« 
000003        LUXMUN /ALL   / XItilKtlAtRQOtCStTAMBtFLOWtIFLAG 

It  ATtOtEtSK.TtDTtXtPPtXMAXtTMAXtnXtDVtTPRINTtDTPRNTtlMOVEtJHfTH 
2t  TSMFTtREPORTtOPPCTtTOtXOtXOI'JCHtlCHNGtXCHNGtTCMNO 

000003        EOUIVALENCE (JMOVFtIHOVE)t(IMETMtJMETHI 
000003        COMMON/HONEY/ JMMHM.OJKtOJMMM.OJMROtnjMBMMtDMAINTtOJMBMtOJMGS 

It  PMGStJMCV.OJMECtRDPLANtHPLANTtGSPLAM 
2t  ECPLANtROTlMEtHTIME(2> tGSTIMFtECTIME 

000003        COMMON/PERFRM/ RDUTIMtR00TIMtUMHTIMt0»tHTIH,6SUTIM.6S0TIMiECUTm 
It  ECDTIMtGOAvtGAnVtGENDtGREG 

000003        COMMON/LABOR/ RDMFNI I0i2> tHMFN(10t?i2> tGSMENClOt2» .ECHENUOtZ» 
000003        REAL JMMHM.LDtLOBtLBITtLBURNtLSTEELtJMCV 
000003        DIMENSION G(BI 
000003        EQUIVALENCE (GtXTt t (XEtXDEI t (PRtPO 
000003        COMMON /GRNO/ PSST<60t<»l tMAXPSSTt UCStUCSCtRATERfltRATESCtRATC«« 

It  GSLOStlAStlSTtERBORI.ESCPLAtGOOKtGSETOOtNAXPSS 
000003        COMMON /ENVC/ MAXMENtTOTHPtOMtOOtVAMINiVAMAXtOOdOt 

1   TAtTOtWA.F'<D.FKT,CPA,CKÄ,REFRATtAMC(I0)iODR.FVFNTP.CPIIMP 
000003       ' blMENSION JST0P(25) 
000003        EOUIVALFNCf (JSTOPtLKSTOP» 
000003        DATA (STATUS=6MST0PPEt6H0t EMPt2HTY. 6HST0PPEt6HOt FULtlHLt 

1 6HACCFLttftH EMPTYtlH t 6MACCELttSH FULLtlM t 6HFULL St6MPEC0. f 
2 SMEMPTYt 6HFULL St 6MPEE0» t *MFULLi 6H0ECEU«tSHEMPTY. JM t 
3 (HDrCELttSH FULLt tH t   6HIN SUIt 6HTCHt Ct «HHPTYt 
*  (.HIN SWIt6MTCHt Ft3HULLt 6HIN DISt6HCHARGCfSH AREAt 6MIN HAIt 
6  6HNTFNANt2HCF) 
7,  (WHY«6HAT FACt6HEt LOAtfcMDINGt 6HTRAIN tSHAHCAOtlM t 

CONTRL 
WHEELS 
WHFELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHFELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEFLS 
WHEELS 
WHEELS 
WtfFfLS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
BORING 
BORING 
BORING 
BLAST 
BLAST 
BLAST 
BELTS 

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
SUPPORT 
SUPPORT 
ENVIRON 
ENVIRON 
CONTRL 
CONTRL 
CONTRL 
CONTRL 
CONTRL 
CONTRL 
CONTP' 
CON. .«L 
CONTRL 

07/25/72 
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OOLET* rOBTBAN 1.3 • «UTO BFL • <07-l?-7?> CONTBL 

8 6HTPMN   .6HC0MING.1H   •   6HEXTFBN.HH4L   BFA.^HSONSt 
9 f>HW*ITIM>6HG   TO  UiSHNLOAOt   6HWAITTN>6HG   TO  L.3HOÄO. 
A     6HAT   FAC.ftHE.   IN   •   5HQUEUF.   3»6H ) 

000003 DATA (COST<;=3O»O.) t (ox«o.). «r 
1.  (LNCUTR.0).(BATM*X.0)tlIOL 

000003 
c ft« 

DATA INIX/O/ 

c* 

INITIALIZATION ONLY 

>• 
000003 INPUT 
00600* ROPE 
000005 ruTTFB 

000006 RFPAIB 
000007 CVLOAO 
005010 CVMNIT 

oooon RAILHL 
000018 RAILEX 
JC0013 RAILDS 
00C91« RAILMT 
oooots GRNSUP 
C000I6 GSHAIN 
003!;17 ENVIR 
ocoo.?o RFPORR 
05:0^! HAXADV 
0!00?i PFPOPC 
09:0^:. INPUT2 
00002* DO 310 11=1.?60 
05C02h coMNFwnnscoMOLOim 
000030 310 CONTINUE 

c... 
000031? MtKT *I0 
000036 MO FJ^-AT (IHll 
OC0036 TPRINT«T»OTPBNT 
0000*0 CALL OUTPUT 
0000*1 *00 CONTINUE 

c»»» 
c 
c 
c 

START LOOP ON OT 

• • 
OCJC-! *01 «TFMPsX-«DISCH 
0000*3 IFIXTEHP .LE. XT» GO TO «05 

C"# 

c 
c 
c 
c« 

BEAO NEW GFOLOr.Y 

• • 
0000*6 BEAO(*0t*02)  G 
000053 ICHNCrl 
0090S* TCHNG=(T-T0)/2«, 
CÜ0057 XCMNf.sX-XOISCM 
OOOC&l IF(Enr,40) 600.*0* 
000'' J* *C2 FORMAT(2E1R.10.I5t*EI8.10iIS) 

07/25/72 

CONTBL 19 
CONTRL 20 
CONTBL 21 
CONTBL 22 
CONTBL 23 
CONTBL 2* 
CONTBL 25 
CONTBL 26 
CONTBL ?7 
CONTPL 28 
CONTRL 29 
CONTRL 30 
CONTRL 31 
CONTRL 32 
CONTRL 33 
CONTBL 3* 
CONTRL 35 
CONTRL 36 
CONTPL 37 
CONTRL 38 
CONTRL 39 
CONTRL *0 
CONTBL 41 
CONTRL 42 
CONTRL *3 
CONTBL ** 
CONTRL *5 
CONTRL *6 
CONTRL *7 
CONTRL *A 
CONTBL *9 
CONTRL 50 
CONTBL 51 
CONTRL 52 
CONTBL 53 
CONTRL 5* 
CONTRL 55 
CONTRL 56 
CONTPL 57 
CONTPL SB 
CONTRL 59 
CONTRL 60 
CONTRL 61 
CONTRL 62 
CONTRL 63 
CONTRL 6* 
CONTRL 65 
CONTRL 66 
CONTRL 67 
CONTRL 68 
CONTBL 69 
CONTRL 70 
CONTRL 7J 
CONTRL 72 
CONTRL 73 

1 

1 

p 

ii 
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D 
[ 
D 
1 

i 
I 
I 
I 

[ 
I 
I 
I 
I 

COLfTA rO<»TB*N 1.3 • AUTO BrL • (07-|?-7?> CONTBL 

000064 
C 

404 GO TO 401 

c 
c 
c 
c 

ROCK OISINTEGBATION 

tc« 

00906S 405 CO^TINlir 
00006S 420 CALL nORE» 
008066 CALL MAI'iT 
00J067 CALL CUTCH8 
000070 CALL RAILTB 
OOOOTl 406 CALL PMLOS 
000072 CALL RAILXT 
000073 CALL RAILMT 
000074 CALL LOADCV 
00»075 CALL CVRP» 
000076 CALL OROUN 
000077 CALL 68MNT 
000100 CALL ENVISC 

C" 
c 
c 
c 
c 

UPDATING X.T. AND TLAGS 

i» 

OOOiOt T»T»OT 
000103 X«««t>« 
000105 DO 44A II=I.?60 
C00I07 CnMOLOCD'COMNEWdl) 
000111 446 CONTIVJf 
000113 IT (MRM.EO.O) GOTO 480 
000114 MflORF=l 
ooom GOTO 40? 
090116 460 IF (xnr'f .FO.l) MR()RE»0 

9001?! IF (LNfOTR.EO.O) GOTO 462 
00012? «4P0RE = ? 
000123 GOTO 40? 
000124 462 IF (MaOBE.EO.?) MflORE»0 
008127 IF (NRYPy.EO.OI  GOTO 484 
000130 «IBOREO 
090131 GOTO 1.0? 
000132 484 IF (MBOBE.E0.3) MROREO 
000135 IF (N^NCH-1) >.<)0«488>486 

000140 486 MRORE»1? 
000141 GOTO 40? 
009142 466 MB0REr4 
000143 GO TO 4<)? 
000144 490 IF (MqORE.rQ.4 .09. MB0RE.E0.5t MBORC-9 
090154 492 IFILfUnR .ra. 0> GO TO 494 

00015S Nl"5U«NUQUM 
000157 GO TO 500 
009157 494 IFMSDRE .NE. 6) GO TO 496 
000161 HBO^E'O 
000162 NU1U»0 
000162 GOTO 530 
999163 496 NU0U«9 

07/25/72 

CONTPL 74 
CONTPl. 75 
CONTPL 76 
CCNTPL 77 
CONTOL 78 
CONTRL 79 
CONTPL 80 
CONTPL 61 
CONTPL P2 
CONTRL 83 
CONTRL 84 
CONTRL 85 
CONTRL 86 
CONTRL 87 
CONTRL 98 
CONTRL 89 
CONTPL 90 
CONTPL 91 
CONTRL 9? 
CONTRL 93 
CONTRL 94 
CONTRL 95 
CONTRL 96 
CONTPL 97 
CONTRL 96 
CONTPL 99 
CONTRL 100 
CONTRL 101 
CONTRL 102 
CONTRL 103 
CONTRL 104 
CONTRL 105 
CONTPL 106 
CONTRL 107 
CONTRL 108 
CONTRL 109 
CONTRL no 
CONTRL m 
CONTRL 112 
CONTRL 113 
CONTRL 114 
CONTPL 115 
CONTPL 11* 
CONTPL 117 
CONTPL II 
CONTRL ll» 
CONTRL 120 
CONTRL 121 
CONTRL 1?? 
CONTRL 123 
CONTRL 124 
CONTRL 125 
CONTRL 126 
CONTRL 127 
CONTRL 128 
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GOLET» FOBTRAN 1.3 • AUTO RFL • (07-12-7?! CONTRL 

000164 
000165 
000201 

00020* 
000204 
000206 
0C0217 
000221 
000233 
C00225 
OC3.;,30 
000231 
00023* 
000235 
000237 
0002*1 
0002*1 
0002*5 
0092*6 
000250 
000251 
0002?« 
ooo?11.* 
000?55 
000257 
OOC2f-,0 
0v'C,f)3 
000263 

000265 
000270 
000271 
000273 
000277 
00050* 
000310 
000311 
000312 
000316 
003317 
000320 
000321 
000321 
000322 

00032* 
0003 7 

500 

515 

530 

531 
532 

5*0 
5*2 

*60 

*61 

*62 

*70 

c 
c 
c 

GO TO 530 
IF ((MR0RF.EO.3).0R.(*RORE.EO.*».O».(MB0RE.E0.5U GOTO 530 
IFILVFHCL .GT. 01 GO TO 530 

TRAIN QUEUE IS CHECKED TO MOVE ANOTHER TRAIN INTO THE LOADING 
TRAIN STATUS IS CHANCED ON ALL TRAINS AFFECTED BY OUEUECHANGC 

LLTR»0 
00  515   ITRM.NTRAIN 
IF   ((lTST«T(lTRtl>.NE.0).OR.«JSTOP(ITR».Le.l00M  GOTO 515 
KSTOP(lTR)-JST0P(ITRI-l 
JSTO?(ITR)sK5T0P(ITR> 
LLTR=LLTR«1 
IF   I JSTOP(ITR).NE.100»   GOTO  5»5 
KSTOP(ITP)al 

CONTINUE 
Nt)>«LO=LLTP 
LnuE=LLTP»100 
IF   (NUMLO.EQ.01   M80RE"6 
CONTINUE 
IF(NUQt)   .GE.   2)   MB0RE«6 
IF   (IFXCA.EO.Ot   GOTO  531 
IF   (MqnRE.EO.O)   MB0RE«7 
GOTO   532 
tF   (MqoRE.EO.7)   MRORE«0 
CONTINUE 
1F(MCV   .FT.   01   GO   TO 5*0 
IF    («nORF.EO.OI   MROREM 
GOTO   5*2 
IF   (MBnRF.EO.8)   MfiORE»0 
CONTINUE 
ITqnJt-=MROBE 
P^INT OUTPUT REPORTS 
IF1T .LT. TPRINTl GO TO *61 
CALL OUTPUT 
TP»INT'TPRINT»OTPRNT 
IPfPOPTrPFPOPT'lOO 
IT=T«100»1 
LK=MOntIT.2*00) 
IF(LK ,NE. 0) GO TO *6? 
CALL MA««n¥ 
LKiMOOdTiIRFPORTI 
I/MLK .NF. 0) GO TO *70 
CALL RFPOPS 
CALL »EPORO 
CONTINUE 
IF(OX .NE. 0.) GO TO *71 
INIX=INIX*1 

SHOULO SIMULATION BE ENDED BECAUSE NO ADVANCE FOR 5 DAYS 

IFdNIX .GT. 720) GO TO 605 
GO TO *72 

ARE 

07/25/72 

CONTRL 129 
CONTRL 130 
CONTPL 131 
CONTRL 132 
CONTPL 133 
CONTRL 13* 
CONTRL 135 
CONTRL 136 
CONTRL 137 
CONTRL 138 
CONTRL 139 
CONTRL 1*0 
CONTRL 1*1 
CONTRL 1*2 
CONTRL 1*3 
CONTRL 1*« 
CONTRL 1*5 
CONTRL 1*6 
CONTRL 1*7 
CONTRL 1*8 
CONTPL 1*9 
CONTRL 150 
CONTRL 151 
CONTRL 152 
CONTRL 153 
CONTRL 15* 
CONTRL 155 
CONTRL 156 
CONTRL 157 
CONTRL 158 
CONTRL 159 
CONTPL 160 
CONTRL 161 
CONTRL 162 
CONTPL 163 
CONTRL 16* 
CONTRL !65 
CONTRL 166 
CONTRL 167 
CONTRL 168 
CONTRL 169 
CONTRL 170 
CONTRL 171 
CONTRL 172 
CONTRL 173 
CONTRL 17* 
CONTRL 175 
CONTPL 176 
CONTRL 177 
CONTRL 178 
CONTRL 179 
CONTRL 180 
CONTRL 181 
CONTRL »82 
CONTRL 183 

i 
1 
1 

0 

I 
I 
1 
I 

i 
I 
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[ 

GOLFT»   FOOTRAN   1.1   •   »UTO   PfL   •    t07-l?-7?» COSTPL 

D 
I 

\ 

\: 

\ 

000327 
000130 
000330 

000141 

000K.3 
ocoii'« 
0003ih 
0003S? 
0003S? 
OOOIS«. 
000360 
00C360 
00036? 
•I OLLOU 

LTSAtN 
LKdlCK 
IFILD 
LIFILO 
1FILUO 
LNT9D* 
LLTO*N 
LLTPUK 
LNTRAM 
LNTPUK 
I MOVE 
JHETH 
XOE 
PC 
NVEHCL 
NTD» 
LI.VHCL 
LNVhCL 
JHOVE 
IMETM 
XE 
PR 

<.71 IMIUfl 
47? CONTIMIF 

IF IT.LT.TM»« .«»jn. X.Lt.»M»X) GOTO 400 
C** 
c 
C FNDIMf)   SIXiJLATrON 
C 
c»« 

473 C»Ll. OUTPUT 
CALL «POPS 
C»LL Prp'BT 
»f TiJPN 

6P0   PPI'U   *,"! 
601 roP«4T (?<.H0 OEOLOOr FILE EXHAUSTED) 

HET'lRs 
605 PPINT 471. 
474 Fn = MAT(//.I<,<.0H SIMULATION FNDFO-NO ADVANCE FOR S DAYS 

FNO 
IMG VARI4HLLS fiuIVALESTO 801 NOT REFERENCED 

07/JS/72 

CPNTPL I«4 
C^'.TRL IBS 
CDNTPL ) A6 

COMTRL 1^7 
CONTPL III 
CONTPL lfl9 
CUNTPL IPO 
CONTPL I'M 
CONTPL 1<»2 
CONTPL 193 
CONTPL 1P4 
CONTPL 195 
CONTPL 196 
CONTPL 197 
CONTRL 198 
CONTPL 199 

1 CONTPL ?0O 
CONTRL ?0t 
CONTRL 20? 

I 

' 
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E. SUBROUTINE INPUT 

GOLETA FORTRAN 1.3 • »UTO RFL • (07-12-7?) 

C»« 
000002 

000002 

000002 

000002 
C00002 

000002 

000002 

OOS002 

000002 

000002 
C00002 

000002 

000002 
000002 
000002 
000302 
500002 

000002 

000002 
0C000? 
050002 
oocoo? 
OOOiCJ 
000002 

SUBPCUTINE INPUT 

COMMON /iMFELS/ »E.»F,«MAXiA*AXLt»MINLtBSLtC»BC»P.CP.nE.nF.OT»S 
1. OTMA.DTl!trL.FC.FR.FT,HPA.MPFA.HPEVtMPFA«HPFV.HPV»LOCO.MCtML 
2. NCAOS.NPOINTiNTn.NTH.NTMAX.XP.NTMII.P.NTMLPP.NTRACK.'iL 
3t TCMPVX(?0)tTrURVy(20).TMAINTiTWEtVO.VS.VE.VFtVHAX.WC.WLtXnS 
4. MAXLD.NUMI.n.LODE.OUCWUC. STATUS« 36».WHY (2<. I.MLTYP.WMP.fCONKO. 
5 ECONSS.ELOCO.EMUCKC.ETRArK.FSMITC.EUNLOA.ERHAINiIlBOBF« 
6 I^WfPSI.NTINIT.TCCV.TMCV 
COM^N /OtnCOM/ IFILD.KSTOP(?5).KUNLOtLSTOP.LVEHrLtNBrPYtNSWCH 

1. NTPO«.N\/FHCLtNI)Mt;wT.SWITCM(20),TFC<2S).TOPt2,;).T<!TATl?5.4) 
2. IJTlMr^'Jt.LOADR.MUKOTfXC.S.IFXrAiMC^SI iMCV.HFLACC.DUMMY (20) 

COMMON   /NFKCOM/  L!FILOilKST0P(2S)fLKUNLO.LLSTOP<LLVHrLiLNRY<IY 
1. LN<;wCM,LNTPnA,LNVHCL.LNMSWT.FSWTCH(20>»FTFC(2S).FTOP(2S) 
2. FTSTAT(?5.4I.FIlT!MF(2S)tLL0AnP.LMUK0TtFXGS.LIFXCAiLMGS(5) 
3. LMrVtLMFL«r.rnuMMY(|<)) 

OIMENSION  COMOLn(?hO».COMNEW(260).LTSTAT(25i4)ttTSTAT(25.*) 
EOUtVAUENCF    (NVEHrL.NTPAINiNTBUC) . (LVEHCL .LTRAIN.LTRUCK) 

1. (COMOLO.IFILO)i(COMNEW.LIFILD.IFILLO)t(NTOA.LNTROA) 
2. (FT5T*T.ITSTAT).(TSTAT.JTSTAT» 
3t      (LLVMfL.UTRAN.LLTRDK) , (LNVHCL .LNTRAN.LNTflUK» 

COMMON   /POPING/  CL(31.CPC.nTA,nTC.nTrn.OTD.OTM.KK,PBM,R(100>.RC 
Af   RPM.TB.XCPC.   M*SSFM.MflM,MB0REtMCO.MOISAStLNCHNrMLNCUTR.NCUT(20) 
B. WFARdOOI.EPORFOtETRANS 
COMMON /CONVFY/    ACM.DTPS.OWM.FE.FL.MP,QC.SMIN.WRI 

! .  wo.»Lr.nciior,r,or.03.t;M.r,Tro.nT,'i».An.vnr.NF«ON.Mr,ro.«r,LN';URG. ?   ^TI''"",iruo,r,TMI ,r|Ti»r).F|.M 

CONSON /«LAST / ADH.Ar.H.AH.CPIT.CRiJRN.CCAP.CFX.CM.CPL.CSTEEL 
fl. LD.I.nR.L^IT.LPUBN.LSTEFL . MFN.Nn.NPR.NH.NHP,PF.POB.P0D»TCHG 
C. TIN.TOUT.TYPEPF.WPL.JUMIN.JUMOUT.NORILR.NDRILL 
COMMON /ALL   / XT.STR.IA.POO.CS.TAMB.FLOW.IFLAG 

1. AT.n.E.SK.T.nT.X.PR.XMAX.TMAX.nx.OV.TPRINT.OTPRNT.IMOVEtJMETH 
2. TSHFT.PfPnRT.OPPCT.TO.XO.XOlSCH.ICHNG.XCMNG.TCHNG 

EOUlVJLENCr   (JMOVFiTMOVFJ.dTTH.JMFTH) 
COMMON/MONfY/   JMMHM.OJM.DJMMH.OJMRO.DJMBMM.DMAINT.DJMPM.OJMGS 

1. PMfiS.Jwrv.OJMEC.RDPLAN.HPLANT.GSPLAN 
2. ECPLAN.!JnTIME,HTIMF(2).riSTIME,FCTIME 

COMMON/PER?"R«/  RnilTIM,ROOTIM,UMHTJM,OMHTIH.GSl)TtM«GSOTIM,ECUTlM 
1.      ECnTIM.GDAY.GAnV.GFND.GPFG 

COMMON/LAROP/   9nMFN(10.2).HMFN(10.2.2)tGSMEN(10t?).ECMEN(l0.2) 
RF4L   JMMHM.LntLOR.URIT.LBURN.LSTEEL.JMCV 
OIMENSION  G(<*) 
EOUIVALENCF (G.XT).(XF.XDE).(PRiPC» 
COMMON /CRND/ PSST(60.<»).MAXP<;ST, UCS.UCSC.RATERB.RATESC.RATESS 

1.  GSLOS.IAS.IST.FRBnSI.FSCPLA.GDOW.GSETnO.MAXPSS 
COMMON /FNVC/ MAXMEN.TOTHP,QM,OO,VAMtN.VAMAX,QG(10). 

1   TA»Ti1«WA)F<D«FKTfCoAfe
>f*«RCFR*t»*T(lO*«OPR.fVFNTP»C*ltwP 

DIMENSION IMAr,F()fc).METHOn(lO).MOVFR(10) 
OATA (METHnO(I).I»ltl0)/'.HB0BE.?iHflLAST.3MJET.6MPFLLET.6»SHOUMMy/ 
DATA (MOVER(J).J«lflO)/ SMRAlLSt 6MTRUCKSt SMBELTS. 7»5HOUMMY/ 
DATA (PI»3.|4IS926515B<»S) 
DIMENSION ISTA(251.TP0S(?S).TSP0(25)»TMAIN(25) 
DIMENSION BOMEN(IOI.BOCST(10>.RAMFN(IO)tRACST(10I.CVMEN(IO>t 

I  CVCST(IO)>GMEN(IO)»GCST(IO>tVCMfN(10)«VCCST(IO) 

07/25/T2 

INPUT 
INPUT 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEFLS 
WHFFLS 
WHEELS 
WHEELS 
WHEELS 
WHFfLS 
WHFFLS 
WHEELS 
WHEELS 
WHEELS 
BORING 
BORING 
BORING 
BELTS 

BLAST 
BLAST 
BLAST 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
SUPPORT 
SUPPORT 
ENVIRON 
ENVIRON 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 

Reproduced from 
best  availabit.  t"^'- 

VI-60 
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I 

I 
D 
D 

I 

COLETA  FORTRAN   1.3   •   AliTO  »rL   •   (07-l?-7?) INPUT 

eoooo? 

000003 

00000? 

000002 

000002 

L 
I 
I 
I 
t 

000002 

000002 

000002 

000002 

000002 

000002 

000002 
000002 
000002 
000002 
000002 
00000? 
00CC52 
000302 
000007 
000002 

00000? 
c 
c 

*J*MFLIST   /ROT     / 
rL.CPC.DT*,DTCtDTCO.DTn.OTM.KK.Pfm,H,RC.RPM,TR,XCPC 

.tflOHFQ.FTPANS.DJMBMM.BOHFNiBOCST 
NAMFLIIT   /BLAST   / 

Z 
NAXELIST   /JFT       / 

Z 
NAMELI5T   /PFI.LFT/ 

Z 
NAHFLIST   /9AIL^   / 

AF.Ar.axsx.JMSKL.AMINLinSLtCARCAPiCP.nE.Or.OTAStDTMA.OTU 
A.     NSt/rH,''ir,FniSF»ON.«rir,AB.WPI.c.M 
2. EL.rCifO.rT.HPi.MPFViHPEAtHPFV.MPFA.MPrv.MPV.LOCO.MCiML 
3. NrjOS.NPOtNTiNTD.NTM.NTHAX.XP.NTMILP.NTMLPP.NTRACK.SL 
4. TruPVX.TCnWVV.TMAtNTtTWFtVD.VS.VE^VF.V^AX.WC.WI tXOS.MAXLO 
5. NVfhfL.'JUMSwr.'J^ITCH.ISTA.TPnS.TSPOtTMAIN.KSTO '.MLTYPtWMR 
6. ELOrn.FMDrKC.FTRACK.ESWITCiEUNLOAtEBMAINiJKMHM.NUMLO.ISW 
7t      RAMFN.RACST 

MAMELIST   /TPUC»:?/ 
1 *F.*F.A«««,AM»XL.AMlNL.RSL«CABCAPtCP.nEtC>F.OT*S.OTMA.OTU 
A.     NS*rM.NGF0.VFXON,XnE.AB,VBI 
2 t      FL.FC.F(»,rT.HP»iHPFV.MPF»..HPFV.MPFA.MPFV.HPV.LOfO.MC.HL 
3,      Nr*BS.NPOl,JT.NTOtNTH.NTMAX,XP.NTMILPtNTMLPP.NTRACK,SL 
<..      TCIiPVX.TCllPVY.TMAINTiTWf .VDtVS.VE.Vr.VMAX.WC.WL.XnS.MAXLO 
5, NVfHCL.Nii«5WTtSWITCMtISTA,TPO«;.TSPO.TWAIN.KSTOPiMLTTP.WMR 
6, EUOCO.fMtirKC.ETRACK.ESWITC.FUNLOA.ERMAIN.JMHMM.NUMLO.ISW 
7, TRMEN.TPCeT 

MAMELI5T   /BEITS   / 
1     7 
NAMELIST   /GESEPL/ 

1        D.nT.X.XUAX.T.mx.OTPRNT.SK.PR.OPPCT.REPORT.XOISCH.E 
NAMELIST/GPOiiNfl/ 

1     UCS.UCSC.B/iTFRR.RATESC.RArCSS.MAXPSS.ERBDRI.ESCPLA.OJMGS 
2.     r.DOU.CSETOO.GMFN.GCST 

NAMEtlST/LnsnE"?/ 
1        Aq,VBl,<;M.Tr,CV.THCV.WMR.MLTYP.CCONEO.ECONSS.JMCV 
?.      CVHFN.rvCT 
NAMELIST/F^VISC/ 

1        EVFNTP.HAtMFN.TOTHP.TA 
1. QM.Qn.VAHIN.VA-AX.TO.WA.CPA.CKA.RErRAT.AMC.VCMEN.VCCST.CPUMP 
2. FKT 

EOUIVALESCE (»OMENd I .OOMFN( 1 .it) 
rOUlV«LENCF(anCST(l>.R^MEN(l.2n 
EOi)tv*i.eNCF(vc«tcN(UtecMCM(itu> 
FOUIV«LENCF(VCCST(l).FrMrN(1.2)> 
FlJlVtLENCFIOAMFNIl) .HHFNd .).>>) 
FQllIV»LESrF(0»CST(n .MHFN 11.2.1)) 
E0UlVALESrF(rVMFNIl).MMEN(l.l.2n 
F0UlV»LENCFirVCST(l).HMEN(l.2.2)) 
EQUIVALENCE (r,MFN(l).CSMEN(H>) 
EOUIVALENCE(GCST(l).GSMEN(l   2)» 

EFUNC(X»«1.8»EXP(.0»<.»X) 

THE FIRST SECTION OF SUBROUTINE INPUT 

VI-61 

INPUT 19 
INPUT 20 
INPUT 21 
INPUT 22 
INPUT 23 
INPUT 2* 
INPUT 25 
INPUT 26 
INPUT 27 
INPUT 28 
INPUT 29 
INPUT 30 
INPUT 31 
INPUT 32 
INPUT 33 
INPUT 3« 
INPUT 35 
INPUT 36 
INPUT 37 
INPUT 39 
INPUT 39 
INPUT 40 
INPUT 41 
INPUT 42 
INPUT 43 
INPUT 44 
INPUT 45 
INPUT 46 
INPUT 47 
INPUT 4S 
INPUT 49 
INPUT 50 
INPUT 51 
INPUT 52 
INPUT 53 
INPUT 54 
INPUT 55 
INPUT 56 
INPUT 57 
INPUT 58 
INPUT 59 
INPUT 60 
INPUT 61 
INPUT 62 
INPUT 63 
INPUT 64 
INPUT 65 
INPUT 66 
INPUT 67 
INPUT 68 
INPUT 69 
INPUT 70 
INPUT 71 
INPUT 72 
INPUT 73 

9 
:v. 



VI-62 

I 

1 

GOLETA FOOTRAN 1.3 • AUTO RFL • (07-IJ-72) INPUT 07/25/72 
1 

000013 

OOOOKt 
000022 

00C0?5 
000025 
003033 
0000*3 
0000*3 
000060 
OOOOhO 
000062 
000371 
000071 
000072 
000074 

000076 
000106 
000106 
0OC11O 
000112 
0001U 
000121 

000121 
000122 
00012'. 
000126 
000130 

000130 
0001^1 

C COB1ES CARD-IMAGES FRON FILF4 «CARD READER) 
C ONTO FILES (INPUT FILE FOR REMAINDER OF PROGRAM) 
C AND riLE6 (OUTPUT FILE FOR THE PROGRAM) 
C 
c*** 

LINE » 0 

C 
C   CDC 6009 FORTRAN 
C 

1 READ (4.101 IMAGE 
IF (E0r.4> 3.2 

C»" 
c 
c 
c 
c 
c 
c* 

fl5500 FORTRAN 

1 READ (4.10.ENDO) IMAGE 

10 FORMAT (13A6.A2) 
2 WRITE (5.10) I-AGE 

IF (Mon(LINE,40).Eü.0l WRITE «6»11) 
11 FOSHAT (1H1. <)X14MCARD-IMA0ES.../) 

IF (MOO(LINE.IO).EO.O) WRITE (6.12) IKi K-StSOtS) 
12 FORMAT (1H0. 15X1615/ 14X6HCAR0  •  BCIOH •)) 

LINE ■ LINE»! 
W»ITF (6.13) LINE. IMAGE 

1? FORMAT dl«. 2Xl3A6f A2) 
GOTO 1 

3 ENOFILE 5 
REWIND 5 

C 
C       READ FRAGMENTATION AND REMOVAL METHODS 
C 
C"» 

READ (5.21) H.N 
21 FORMAT (A6t 4XA6) 

00 30 1=1.10 
IF (M.fO.METHOOd)) GOTO 31 

30 CONTINUE 
WRITE (6.36) M 

36 FORMAT (1M0. 9X21HFRAGMENTATI0N METHOD . A6» 
1 36H CANNOT BE SIMULATED AT THIS TIME...« 
2 31HJOB AROBTEO BY SUBROUTINE INPUT) 

1 » 0 
31 DO 32 J«l.lO 

IF (N.EO.MOVFR(J)) GOTO 33 
32 CONTINUE 
37 FORMAT (1HO. 9X16HMUCK REMOVAL BY • A6. 

1 36H CANNOT RE SIMULATED AT THIS TIME...« 
2 31HJ0B ABORTED BY SUBROUTINE INPUT» 
J ■ 0 

33 IE (I.EO.O .OR. J.EO.O) STOP 

INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
HPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
IMPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 
INPUT 

74 
75 
76 
77 
78 
79 
BO 
Bl 
82 
63 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

ioo 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 

123 
12* 
»25 
126 
12T 
120 

1 

0 
1 

1 

i 

I 



r 
GOLETA FOPTRAN 1.3 • AUIO RFL • (07-12-72) INPUT 

I 

I 

I 

I 

I 

I 

[ 

I 
I 
1 

000141 IMFTH . | 
000143 JMOVE: » J 
000144 RFAD (5tfiCME»U 
000147 WRITr (6»GENEBt) 
J00152 GOTO (110.120tn0tl40), INETH 
000162 110 orAD («;,PORE > 
oooift1; WRITF (ftiflORF  1 
000170 GOTO ?05 
000171 120 REAO (5.BLAST 1 
100174 WRJTF (6.RLAST ) 
000177 GOTO ?«5 
roo?oo 130 RFAD (5.JET   ) 
000?03 WRITE (6.JET   > 
000305 GOTO 205 
000.'07 140 REAO (5.RFLLFn 
0Ü0?12 WRITE (6.PELLET) 
000?1S 205 GOTO (?10.?20t230>. JMOVE 
000??4 210 REAO (<?.RAILS) 
00&727 WRITE r6.RAILS ) 
000332 GOTO 305 
000?33 220 READ (5.TRUCKS) 
OC0?J6 WRITE (6.7BUCKS) 
00C?41 GOTO 305 
000?42 230 RFAO (5.BELTS ) 
000?45 WRITE (6.BELTS ) 
000?SO 305 C0*JTISUE 
0002S0 REAOIStLOAnER) 
000253 WRITE (S.LOA^R) 
OOO'Sfe Br*0(5«öft0llH0l 
900?61 WRITER.CR0i:>,D) 
oeo?64 RfAO (5.ENVIRC) 
000?67 WRITE (6.E»JVIRCI 
000?72 REWIND 40 
0002'4 REAO(40.402) G 
000302 rCHNQ«! 
000303 TCHNG=T/?4. 
090355 XC'-t'K.rX-xniSCH 
000307 402 Fn--M»T(?ElB.lO.I5t4E18.10.IS) 
OC0307 AT • Pi»n*n/4.o 
000312 POINT 403 
000316 403 FORMtTMHl) 
000316 PRINT 404. AT 
0JO324 404 FORMAT (?5H0  TUNNEL CROSS SECTION ■ r 10.4i 6M SO ET) 
000324 LVEHCL'O 
090325 03 30A I«1.2rl 

050')?7 IT^TAT(I,1).1STA(I) 
000331 TSTAT(I.?)=TPOS(I) 
000334 T^TATUnW.PDd) 
000336 TSTAT(I.4).mAINn» 
000340 IF riSTA(I).E3.0 .ANO. KSTOPID.EO. 1) LVEHCL>I 
0003S0 306 CONTINUE 
000352 IE(MAXPSS .EO. 0) GO TO 325 
000353 DO 320 t«l.*AXPSS 
000355 REA015.322) (PSST(I.KI,K»l,9> 
000370 322 E0RNATI<)E8.2) 

VI-63 

07/25/72 

INPUT i?9 
INPUT 130 
INPUT 131 
INPUT 132 
INPUT 133 
INPUT 134 
INPUT 135 
INPUT 135 
INPUT 137 
INPUT 138 
INPUT 13« 
INPUT 140 
INPUT 141 
INPUT 142 
INPUT 143 
INPUT 144 
INPUT 145 
INPUT 146 
INPUT 147 
INPUT 148 
INPUT 149 
INPUT 150 
INPUT 151 
INPUT 152 
INPUT 153 
INPUT 154 
INPUT 155 
INPUT 156 
INPUT 157 
INPUT 158 
INPUT 159 
INPUT 160 
INPUT 161 
INPUT 162 
INPUT 163 
INPUT 164 
INPUT 165 
INPUT 166 
INPUT \*y 
INPUT 168 
INPUT 169 
INPUT 170 
INPUT 171 
INPUT 172 
INPUT 173 
INPUT 174 
INPUT 175 
INPUT 176 
INPUT 177 
INPUT 178 
INPUT 179 
INPUT 180 
INPUT 181 
INPUT 182 
INPUT 183 



GOLET* F0PT9AN 1.3 • »»TO RFL • «07-12-72) INPUT 

OOOJTO 

000373 
000"t73 
000375 
000376 
OJO'.OO 

c 
cco<.oo 
OOO'.OS 
000411 
000*11 
COOilS 
oecis 
OOO^tZO 
000H30 

000^31 
C00*3<. 
000437 
000440 
090443 
0004<.4 
0004<.7 
000456 
0004M 
003-«>? 
0004^.5 
0004f)6 
000471 
005474 
000477 
ooo^oa 
000S03 
•FALLOWING 
NT^ÜM 
MTRllCK 
LTB4IN 
LTS'JCK 
IMLD 
LIFILO 
IF1LLO 
LN-pn* 

LLTODK 

LNTRUK 

JMETM 
»T 
FC 
NTO* 
ILVHCL 
LNVHCL 
XE 

320 COMTINUE 
325 CONTINUE 

xo=x 
TO»T 
NTINIT»NVEHCL 
BFTUPN 

ENTRY INPUT2 
PRINT 78 

7B FORMATdHU 
PRINT 77 

77 FORMAT (50H0   INPUT OAT* AFTER INITIALIZATION BY SUBROUTINES) 
WRITE(6.GENEOL) 
GOTO (S01.S0?.503.50*».IHETH 

501 WRITE (6.B0RF» 
GOTO 505 

502 WRITE (6.BLAST) 
GOTO 505 

503 WRITE (4.JET) 
GOTO 505 

504 WRITE (6.PELLET) 
505 GOTO (511<512«S13)t JMOVE 
511 WRITE (6.RAILS) 

GOTO 520 
512 WRITE (6.TRUCKS) 

GOTO 520 
Si3 WRITE (6.BELTS) 
520 WRITE (6.GROUND) 

WRITE(6.LOADER) 
WRITE(6tENVIPC) 
RETURN 
END 

VARIABLE  EOUIVALENCEO BUT NOT REFERENCED 

07/25/72 

INPUT I «4 
INPUT 1B5 
INPUT 186 
INPUT »87 
INPUT 188 
INPUT 189 
INPUT 190 
INPUT 191 
INPUT 192 
INPUT 193 
INPUT 194 
INPUT 195 
INPUT 196 
INPUT 197 
INPUT 198 
INPUT 199 
INPUT 200 
INPUT 201 
INPUT 202 
INPUT 203 
INPUT 204 
INPUT 205 
INPUT 206 
INPUT 207 
INPUT 208 
INPUT 209 
INPUT 2)0 
INPUT 211 
INPUT 212 
INPUT 213 
INPUT 214 
INPUT 215 

1 

1 

1 

1 

1 

! 

0 

f] 

0 
I 
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1 
[ 
r 
Ij p. SUBROUTINE OUTPUT 

OOLlT« ro»T».»N   1.3   •   AUTO  RrL   •   (07-l?-7?) 

1 

1 

1 

I 

I 

E 
B 
I 
I 
I 
I 
I 
I 

OMOOZ 

000002 

000002 

009002 
000002 

000002 

000002 

009002 
000002 

000002 

009002 
000002 
000002 
000002 
009002 
000002 

«09002 
000002 

SOtROHTINI  OiiTPUi 
COMMON   /XHFFLS/   '.F.Ar.AMAy.AMAXLtAMINLfBSL.CARCAPiCP.DCtnF.OTAS 

It      DTMi.DTU.rLtF   .F.'. T tMPA.HPFAiMPFViHPFA.HP; V.HPV.LOCOtMCtML 
2t     NCAPStNPQINTf Un.N,^.NTMAX^XP,NTM!LP.NTMLPP^NTR*CK^SL 
3«     TCUPVX(?0( iTCl/BVYt, 0).IMAINrtTWE.vn.VS.vetVr,VMAX.«C»WL»XOS 
««     MAXLD.NUMtD.l 0UE:t0UCtWUCiSTATUS(36» .WHY(e4> .MLTYP.tfMR.ECONEOf 
5 ECOMSS.ELOCO.FH JCKC.f TPACK.F'iWlTC.fUNLOAiERMAiN.MBORF. 
6 IS»((?5)tNTINIT.TCCV.IHCV 
COMMON /OLDCnM/ !FRn.KSTOP(?5) tKIINLO.LSTOPtLVrHCU.NBrBV.NSWCH 

1,  NTonA,NVEMCL»NUM<;WT.SWITfHl?0) .TEC (25) tTOP (25».TSTAT(?S.*) 
2f  UTIMf (28) .L0AD«.Ml)K0T.XO5iir«CA>MGS(5) .MCVtMFLAGC.DUMMY (20) 
COMMON /NEWCOM/ LIFILntLKSTOP(?,;).LM)NLO.LLSTOP.LLVHCL.LNBYBY 

It  LN';wCH.LNTR0A,LNVHCL.LNMSWT.FSHTCH(20)tFTFC(?5ttFTOP(?5) 
2t  FT<;TAT(?S.<.).FIlTIMF(aSI.LLOAnRtLMUKOT.FXCS.LIFXC».LMGS(S» 
3t  LMCVtL^FL«C.FOUMMY(iq) 
OTMENSIDN COM0LD(?60>.rOMNEW(?601iLTSTAT(25.*tiITST»T(25t*) 
EQUIVALENCE (NVFHCL.NTBAIN.NTRUCKd (LVEHCLtLTRAINtLTRUCK) 

It  (CnMOLn.IFILO).(COMNEW,LIFILn,IFILLO)t(NTDAtLNTRO*) 
2i  (FTSTAT.LT5TAT).(TSTAT.ITSTAT) 
3.  (LLVHCL.U. TBAN.LLTBUK).(LNVHCLtLNTRAN.LNTRUK) 
COMMON /ROB I'jr./ CLlll.CPC.nTA.OTC.OTCOtOTDtOTMtKKtPBMtRdOOItRC 

At PPM.TR.XCPCt MASSEM,MBM,MH0RFtMCDtMOISAStLNCHNGiLNCUTBiNCUT(20l 
Bt  WEAR<100).ERORFO,ETRAN<; 

COMMON   /ALL        /   XTtSTP.IA.ROn.CStTAHRtFLOWtlFLAG 
It     AT.D.E.SK.TtnTtXtPPtXMAXtTMAXfDXtDVtTPRINT.OTPRNTtlMOVEtJMETH 
2t     TS^FT.OFPORT.OPPCT.TO.XOtXOISCHtlCHNGtKCMNGtTCHNG 

EOUIVALFNCF    (JMOVFtlMnvE).(IMFTH.JMETMt 
COMMON/HONFY/   ,)MMHM.njM,0JMMH,njMRt)t0JMBMMi0M»TNTi0JMBMtDJMO5 

It      PMGS.JHCV,njMFC.Rr>PLANfHPLANTtGSPLAN 
2t      ECPLAN.ODTJUE.HTlMFIPItGSTIME.ECTIME 

COMMON/PFBFRM/  RnilTIM.ROnTIM.UMHTIMtOMMTlMtGSUTTHtGSDTIHtECUTIH 
It     ECOTIM.GDAYiGADVtGENDtCBEr. 

COMMON/LABn«/   ODMFN(10.2).MMEN(ICt2i2liGSMEN(I0t2»tECMEN(10t2» 
REAL   JMMHM.LO.LD9iLBlTtLRURNtLSTEELt>CV 
OIMENSTON   r.(fll 
EQUIVALENCE (GtXT)t(XE.xnE)t(PRtPC) 
DIMENSION IVAL(20> 
COMHON/TEST/VAL'JF( 301 tNAMEOO) 

ItlMFAndlO.JHFADdOO) 
EQUIVALENCE   (IVALtVALUEt 
DAT*   (NAMF = 2HTit   ?HX»t   3HI»«t   4MSTR«t   3HDX«t   4MMBM»t   7MLNCUT(»»t 

1 6HNRYBY=.   fcHNSWCM»t   fcHMBOBE^t   6HL0»0R"t   TMNUHSWT"t 
2 6MlEXCArt'.HMCVsi7HMFL»GCai7MIEXC*V»t7MMGS(2»» 
7 .7MMCsn)».7HH0S<4)..4HX6S»t5MPM0S"t*MQDR»,8»lM lt(NNAME«22l 

OUTPUT  FOR  TEST   CASE 

000002 VALUE(I>=T 
009004 VALUE(?»«X-XOISCM 
000006 IVAL(3(«IA 
000007 VALUE(4>>STR 
009011 VALUE(5)«0< 
000012 IVAL(6)»MfM 

OUTPUT 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHFELS 
WHEELS 
WHEELS 
WHEELS 
BORING 
BORING 
BORING 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
TEST 
TEST 
TEST 
TEST 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
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GOLfT* FORTRAN 1.3 • *UTO RFL • (0T-l?-72» OUTPUT 

099014 
000Ü15 
010017 
000020 
0000?2 
000023 
O00OP5 
000026 
000030 
000031 
090033 
00003<. 
000036 
000037 
0000<.l 
OOCO'.J 
000044 
0003SO 
000050 
000065 

0000(>5 
009100 
OOO'.OO 
000102 
00011S 
000115 
000115 
000117 
00(1121 
C00I23 
000125 
000127 
000130 
000133 
000135 
000137 
0001*2 

000203 

000203 
009206 
000206 
•rOLLOWl^G 
NTPMN 
NTOUCK 
LTRAIN 
LTRDCK 
IFILO 
LiriLD 
iriLLO 
LNTRDA 
LLTRAN 
ULTRUK 

IV»L(7)=LNCUTR 
IV»L(«)=NRYRr 
IVAKgi^NSWCH 
IV*L(10I»MROOE 
IV»Llll)=LOAnR 
IV»L'I2)=NUMSWT 
IVAL(13)=IEXC» 
IVAL'iiil'MCV 
IVAL(lS)«MrLAGC 
IVAL(1M=NI)HL0 
IVALU7)=XGS(?) 
IVAL(IB1»HGS(3) 
IVAL(l<>l=Mr,S(<.) 
VALUC(?0)«XGS-XOISCH 
VALUE (21 )«RHr,S 
VAL(IE(22)«ODR 
PRINT  5 

5 rORHATl///.lXtl6H WORKING STORAGE       ) 
PRINT   Ml.    (NAXEdltVALUEIDd-liNNAMCI 

411 FORHAT   (//2nXA7.E10.3).3X»T.t«f2«3)(AT.EI0,3)»3)(«T«I*/ 
1     <>(3XA7.Il>l/     <.(3XA7.I<.).3(3XA7.E5«.3t» 
PRINT   412.    (WEAR(K)tK«l«KKI 

412 FORMAT (16H0 CUTTER WEAR...  / (JT -.0.3)1 
IF (LNCUTR.NF.U GOTO 420 
PRINT  413.   (NCUTM)<I«1«LNCHNG) 

413 FORMAT   (26H0  CUTTERS BEING CM«NGEO.*.    /UOIiOtt 
420  CONTINUE 
104 DO   10n   I'l.NVEHCL 

IS»ITSTAT(I.I) 
KS«IS»3.1 
MSiKS«? 
JS»K5TOP(I) 
LS»JS»3-? 
IF   US.GT.1001   LS-I9 
IF   (JS.EQ.O)   LS«22 
NS  =LS.2 
TTTiTSTATtI.?)-XDISCH 
POINT 105.   I. (STATUS<KI.KMStMSIt(MHY(LliL"LStNS) 
l.TTT.lTSTATn.JI.J"3t4».IS.JS 

105 FORMAT    <11H  TRAIN NO. 12» 4H  3A6t 2X3A6. 
1 4M X . Ell.«, 8H FT  W ■ lilt**. 12M NPH DSN ■  r7.4» US) 

1C8 CONTINUE 
RETURN 
ENO 

VARIABLES EOUIVALENCEO BUT NOT REfEPENCEO 

07/25/72 

OUTPUT 22 
OUTPUT 23 
OUTPUT 24 
OUTPUT 25 
OUTPUT 26 
OUTPUT 27 
OUTPUT 28 
OUTPUT 29 
OUTPUT 30 
OUTPUT 31 
OUTPUT 32 
OUTPUT 33 
OUTPUT 34 
OUTPUT 35 
OUTPUT 36 
OUTPUT 37 
OUTPUT 38 
OUTPUT 39 
OUTPUT 40 
OUTPUT 41 
OUTPUT 42 
OUTPUT 43 
OUTPUT 44 
OUTPUT 45 
OUTPUT 46 
OUTPUT 47 
OUTPUT 48 
OUTPUT 49 
OUTPUT 50 
OUTPUT 51 
OUTPUT 52 
OUTPUT S3 
OUTPUT 54 
OUTPUT 55 
OUTPUT 56 
OUTPUT 57 
OUTPUT 58 
OUTPUT 59 
OUTPUT 60 
OUTPUT 61 
OUTPUT 62 
OUTPUT 63 
OUTPUT 64 
OUTPUT 65 

1 
1 
1 
1 

I 

0 

I 

1 

!1 

fi 

i 
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GOLFT* rOOTRAN 1.3 • »UTO RFL • (OJ-12-72) OUTPUT 07/25/7/ 

LNTS4N 
LNTBUK 
TMOVE 
JMETH 
XT 
XOE 
PC 
LVEHCL 
NTO» 
LLVHCL 
LNVHCL 
JMOVE 
IMETM 
XE 
PR 

VT-67 
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SUBROUTINE BORE 

GOLET* FORTRAN 1.3 • *UTO RFL • (07-12-721 

00000? 

00000? 

00000? 
00000? 

00000? 

00000? 
00000? 
00000? 
00000' 
OOOOO/1 

00000? 

00000? 
oooou 
0000?3 
00002* 
00003? 
00003« 
00C035 
000036 
000037 
OOOO'.O 
oero*o 
000044 

)00044 

000046 
00OOS3 
000055 
000056 
000057 
000060 
000066 

000066 
ÜOOO^O 
000071 
000076 
OOOIO? 

SURROUTINF BORf 
ELfMfNT - ROCK 0I5INTFGR*T|0N 
GFNERAL PROCESS - BORING MACHINF 
ACTIVITY - BORF 
TFCHNIOUF - ROLLING 0I5C CUTTERS 
COMMON  /BORMG/   CL 131 .CPCtOTA.OTCtDTCOtOTO.OTM.KK.PBM.» (100» ,RC 

A.   RPM.TR.XCPCt   MASSEH,MfJM.MB0RFtMCOtMOlSAS«LNCHNOiLNCUTRtNCUT(?0> 
8.     WEAR(inO),EROPFOtETRANS 

COMMON   /ALL        /   XTtSTR.IA.ROn.CS.TAMB.FLOtftlFLAG 
I.     AT.D.r.SK,T,OT.X,PR,«MAX.THAXiDXtDV.TPRINTtOTPRNTtIMOVEtJMCTN 
?.     TSMFTtREPORTtOPPCT.TOiXO.XOISCH,ICHNG»XCHNO»TCMI>!a 

EQUIVALENCE   (JMOVF.IMOVEI.UMETH.JMETH) 
COMMON/MONEY/   JMMHM,OJM,njMMH,OJMRD.DJMBMM.OM»INTtt*J«BM.OJMCS 

It     PMr.S.JMCV.OJMFCtROPLAN.HPLANT.GSPLAN 
?!     ECPLAN.RnTIMEfHriME(?)iGSTIMf,ECTIHE 

COMHON/PFPFRM/   ROUTIM.ROnTIM.UMHTIMtDMMTIHiOSUTIM.GSDTIMtECUTIM 
1.     ECOTIM.GOAY.GAOV.GEND.GBEG 

COMMON/LAROR/   RDMFN 11 0«?) .HMFN (10t?«?l t0SMENU0«2t •ECMENIlOtZ» 
REAL   JMMHM.LO.LOB.LBIT.LBURNtLSTEEL.JNCW 
DIMENSION  G(R» 
EQUIVALENCE (GfXT)t(xe>XOEItlPRtPC) 
DATA (ROUTIMF»0.>»(ROOTIMF«0.» 
DATA NEEDINitNITiIESET/3»0/ 
OPTION ? - DIAMETER WITHIN 6-?0 FT, AND STRENGTH WITHIN S-30E3PSI 

1 IF(D .r.T. ?0.1 .OF). D .LT. 6.0) GO TO 10 
IF (STR .GT. 30.1 .OR. STR .LT. 5.0) GO TO 10 
INIT=I 
IFCPRM .EO. 0.) PBH»40.«EXP<.|9»O) 
IF(PR .EO. 0.) PR».0? 
IF(E .NE. 0.) 60 TO 5 
IFSETrl 

5 IF(NrFDIN .EO. 0) GO TO 9« 
NEEOINO 
GO TO ?5 

10 PRINT ?0 
?a FORMAT (  fl7H BORING MACHINE PARAMETERS MUST BE SPECIFIED FOR THIS 

1 T,INNCL nilMiJr?   0» ROCK STRENGTH      ) 
STOP 

ENTRY «ORER 
?5 IFIINIT .EO. 1) GO TO ?8 

NFEOIN«! 
GO  TO   1 

?8  IFdESET   .FO.   0)   60  TO ?9 
E«l.fl»EXP(.0«4»STR) 

?9  CONTINUE 

COMOUTING LABOR TIME USED rOR THIS ACTIVITY 

ROTIMf.ROTIMf.OT 
IF (MRORE.NE.O) GOTO «0 

30 DJMRO«OJMRO • PBM • .746 • PR • OT 
DX>PBM«OT/AT/E*SS0.*3600./144000. 
DV»OX»AT 

BORE ? 
BORE 3 
BORE 4 
BORE S 
BORE 6 
BORING 2 
BORING 3 
BORING 4 
ALL 2 
ALL 3 
ALL 4 
ALL 5 
ALL 6 
ALL 7 
ALL B 
ALL 9 
ALL 10 
ALL 11 
ALL 12 
ALL 13 
ALL 14 
BORE 9 
BORE 10 
BORE 11 
BORE 12 
BORE 13 
BORE 14 
BORE 15 
BORE 16 
BORE 17 
BORE IB 
BORE 19 
BORE 20 
BORE 21 
BORE ?2 
BORE 23 
BORE 24 
BORE 25 
BORE 26 
BORE 27 
BORE 28 
BORE 29 
BORE 30 
BORE 31 
BORE 32 
BORE 33 
BORE 34 
BORE 35 
BORE 36 
BORE 37 
BORE 38 
BORE 39 
BORE 40 
BORE 41 
BORE 42 

! 

0 

1 

1 

1 

1 
"1 

Ö 

Ö 

i 

11 

fi 

i 

I 
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OOLET* FORTRAN 1.1 • »UTO RFL • (07-12-7?) RORC 

000103 

000105 
ocom 

000112 
000113 
000114 
000117 
0001?! 
000121 
000122 
•FOLLOW 
1MOVE 
JMETH 
XT 
XOE 
PC 
JMOVE 
1METH 
XE 

CONPUTING UP TIME FOR ROCK DISINTEGRATION 

RtlUTJM»ROUTlM»OT 

COMPUTING PLANT AND EQUIPMENT COSTS FOR BORING 

35 RnPLAN»R0PLAN»DX»F80RF0«DX«ETRANS 
RETURN 

40 DX:0. 
DV»0. 
If,MHTf .'■■c'. i) r,n To V^ 
RnOTIHifDOTlM^DT 

999 CONTINUE 
RETURN 
END 

ING VARIABLES EQUIVALENCEO BUT NOT REFERENCED 

07/25/7? 

flORE 
BORE 
BORE 
BORE 
BORE 
BORE 
BORE 
BORE 
«ORE 
BORE 
BORE 
BORE 
BORE 
BORE 
BORE 
BORE 
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"1 
H. SUBROUTINE CUTTER 

OOLET* FdBTRAM 1.3 • *UTO RFL • «07-l?-7?) 
07/25/72 

C 
C 
c 
c 

000002 

000002 

000002 
000007 

000002 

000552 
00000? 
000002 
000002 
000002 
000002 
000005 
OOOC06 
000007 
000C10 
000012 
000013 
000017 
000021 
0000?? 
000025 
000037 
000030 
000032 
000033 
000035 
OOOOtO 
000041 
000042 

0000'.2 

0000'.7 
000050 
O03551 
000052 
000053 

000055 
00006<> 
000071 
000074 
ooor'6 

SUBROUTINE CUTTE» 
fLfMFNT - HOCK OISINTEGRAirON 
GENERAL PP0CF5S - BORIHG MACHINE 
ACTIVITY - CUTTER CHANGE 
TECHNIQUE - ROLLING DISC CUTTERS _,.... „. 
COMMON /BORING/ CL (31 .rPC.nTA.OTCtOTCOtOTOiOTM.KKiPBMtRUOO» tBC 

A. RPM,TR.«CPC. M*SSEM,HBM,MR0RE.MCn.MOISASiLNCHNGtLNCUTB.NCUT(20) 
R.  tfEAR(100).ERO»EQ.ETRANS 
COMMON /ALL   / «TtSTR.IA.ROn.CStTAMB.rLOXtlELAG 

1, *T.n.E.<;K,T,nT,X,PR.XMM,THAX,nx.OV.TPRlNT.OTPRNT,IMOVCtJHETH 
2. TSHFT.REPORT.OPPCT.TO.«OtXOISCHtlCHNGtXCHNOtTCHNG 
EQUIVALENCE (JMOVE.1MOVE).(IMETH.JMETMl 
COMMON/MONEY/ JMMHM,OJM,OJMMH,OJMRD.OJMBMMtOMAINT»OJMBHfOJHfiS 

1, ;>MGS.JMCV.DJMrC.ROPLAN.HPLANT.r,SPLAN 
2. tCPLAN.R0TIMEfHTIMF(2l.GSTIME.FCTIME 
COMMON/PfRFRM/ ROUTIM.RDOTIM.UMHTIMtOMHTIMtGSUTIM.GSOTIM.ECUTlM 

1.  ECDTIM.r.OAY.GAnV.GFND.GBEG 
COMMO'J/LAROR/ RnMFN(10.2>.HMEN(l0.2»2»tO5MEN(10.2).ECMEN<IOt2) 
RF'L JMMHM.Ln.LOB.LBIT.LBURM.LSTEELfJNC»; 
DIMENSION r.(R) 
EOUIVALENCE (G.XT).IXE.XOE».(PPtPC» 
DATA ITENPIi3J.4l592623S8<»8> 
IF (»PM .GT.0,0» GOTO 11 
RPM s 5.0 
CL(1)=1000000. 
CL(2)=400000. 
CL(3)=100000. 
RC » .75 
KK=n/.4B ♦.9 
R(l)i?.flR 
00 10 Ki2.KK 
R(<)iR(K-l)*2.eB 

10 CONTINUE 
CPC « 80. 
XCPC«3.38 
TR « .5 

11 DO 15 K ■ l.KK 
IS WFARIK) a 0.0 

TIME ■ 0.0 
LNCUTR«0 
RETURN 

ENTRY CUTCHG 

IF (LNCUTR .NE. 0) GO TO 30 
LNCHNC»0 

MK > 0 
IF (MRORE.NE.O) RETURN 
00 21 K=1.KK 
CALCULATE CUTTER WEAR 
WEAR1<»«WEAR(K)»TENPMRPM»0T»R<KI/CLM») 
IF (WFARCKI.GE.l.l LNCUTR-1 

21 CONTINUE 
IF (LNCUTR,NE.l) RETURN 
00 22 KaltKK 

CUTTER 2 
CUTTER 3 
CUTTER * 
CUTTER 5 
CUTTER 6 
BORING 2 
BORING 3 
BORING 4 
ALL 2 
ALL 3 
ALL « 
ALL 5 
ALL 6 
ALL 7 
ALL 8 
ALL 9 
ALL 10 
ALL 11 
ALL 12 
ALL 13 
ALL 14 
CUTTER 9 
CUTTER 10 
CUTTER 11 
CUTTER 12 
CUTTER 13 
CUTTFR 14 
CUTTER 15 
CUTTER 16 
CUTTER 17 
CUTTER IB 
CUTTER 19 
CUTTER 20 
CUTTER 21 
CUTTER 22 
CUTTER 23 
CUTTER 2* 
CUTTER 25 
CUTTER 26 
CUTTER 27 
CUTTER 28 
CUTTER 29 
CUTTER 30 
CUTTER 31 
CUTTER 32 
CUTTER 33 
Cl'TTER 34 
CUTTER 35 
CUTTER 36 
CUTTER 37 
CUTTER 38 
CUTTER 39 
CUTTER 40 
CUTTER 41 
CUTTER 42 

D 

! 

"I 

!! 

B 
I 
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I 
I 
I 

[ 
I 
I 

GOLETA  rnPTRAN   1.1   •   »UTO   "TL   •   (07-l?-7?» CUTTER 

000100 !r IWfARIKI ,LT. no   60 TO ?? 
0C9103 WFaoi«! a o. 
0OOIO4 LNtUTR»! 
000105 LNr-HNf. = LNC^NG ♦ 1 
C00107 MKl MK«| 

000110 nri)T(MK)=K 

000111 ?? CONTINUE 
000114 IF IL^rilT^ .< 0.0) GO TO 40 
000115 nixF .- LNCHNQ • T8 
000117 o ii':"-i-njMsn«LNCHMr.«(i.o»xcPC)»cPC 
0001?'. PFTIiSN 

0001^5 30 Tl-F. = TIMF . nT 
0001?7 IF (THE .r.E. TTIME) GOTO 35 
000131 LNCHTB»? 
00013? PETllPN 

C CIITTTP CHAHOS COMPLETED 
060133 35 THE = 0.0 
000134 LNCUTR = 0 
000135 40 PETUPN 
000136 ENO 
•FOLLOWING VARUHLE"; EQUIVALE'lCFf) BUT NOT REFERENCED 
IMOVf 
JMETM 
XT 
XOE, 
PC 
J"OVE 
IWETM 
XE 
PR 

07/?5/72 

CUTTER 43 
CUTTEP 44 
CUTTEP 45 
CUTTER 46 
CUTTEP 47 
CUTTEP 48 
CUTTEP 49 
CUTTEP 50 
CUTTEP 51 
CUTTEP 5? 
CUTTER 53 
CUTTER 54 
CUTTER 55 
CUTTER 56 
CUTTER 57 
CUTTER 58 
CUTTEP 59 
CUTTER 60 
CUTTER 61 
CUTTER 62 

L 

\ 

I 
I 
I 
I VI-71 



I. SUBROUTINE REPAIR 

GOLfT» FORTRAN 1.3 • »UTO HFL • «07-1?-72) 

000002 

00000? 

0C9OO2 
000002 

000002 

009002 
000002 
000002 
009002 
009002 
000005 
000096 
oeoooT 
000010 
000011 
CC0013 
000014 

c 
oooou 

c 
009021 
000022 

C 
090924 
000026 
009927 
900939 
900032 
000034 

C 
000034 
000036 
000041 
000042 
09004<t 
0C0044 
•FOLLOWING 
1MOVE 
JMFTM 
XT 
XOE 
PC 
JMQVE 
IMETH 
XE 

PR 

SUIROIITINF RFP»IR 
GFNER»L PROCFSS - BORING XACHIHE 
ACTIVITY - GFNFRAL MAINTENANCE ANO REPAIR 
COMMON /BORING/ CL(31 .CPC.DTA.OTC.nTCOtOTOtDTM.KK tPBMtR»'.OOt .PC 

A. RPM.TR.XCPC.   MASSEM,HflM.MnORFtMCDtMDISAS.LNCMNGtLNCUTRtNCJT«20> 
B. WEARdOOl.EROBFO.FTRANS 
COMMON /ALL   / XT.STPtlA.RQO.CS.TAMB.FLOM.IELAO 

1. AT.n.E.5K,T.DT.X.PRiXM4X.TMAXtnXt0VtTPRINT.0TPRNT.lH0VE.JMETH 
2. TSHFT.RFPORT.OPPCT.TO.XO.XDISCH.ICMNG.XCHNGtTCMNG 
EOUIVALFNCE (JMOVF.IMOVE>.IIMETHfJMETHI 
COMMON/MONET/ JMMHM.OJM.OJMMH.DJMRO.DJMBMMtOHAINTtDJMBMtnjMGS 

1 ,  PMr,5. JMCV,DJMEriR0PLAN.Hr'LANTtG5PLAN 
2.  ECPLAN,SOTIME.HTIHE(2).GSTIMF.FCTIME 
COMMON/PERFRM/ ROUTIM.ROOTIM.UMHTIMtDMHTIMtGSUTIM.GSOTIM.ECUTIH 

li  ECDTIM.GOAYfGAOVtGENO.GHfG 
COMMON/LABOR/ RDMEN(10.2» »HMENI 10t2t2) tGSMENdOt?) »ECMENJICZ» 
REAL JMMHM.LnfLDBtLBITtLBURN.LSTEELtJHCV 
DIMENSION 6(fil 
EQUIVALENCE (GtXT)t(XEiXOE»f(PRtPC) 
IF (OTC .GT. 0.0) GO TO 5 
OTC • 7. 
DTM . 1. 
DJMBMMiO. 

5 TM»0. 
TIME»OTC 
MRM = 0 
RETURN 

ENTRY MAINT 
IS MAINTENANCE IN PROGRESS 

10 IF (MRM.NE.O) GOTO 20 
TIME«T1ME-0T 
IS MAINTENANCE RfOUIREO 
IF (TIME.GT.O.) RETURN 
MRMsl 
TMlQ. 
TIME»DTC 
DJMBM=DJMBM.DJMBMM 
RETURN 

IF IN PROGRESSt UPDATE PROGRESS 
20 TM « TM ♦ OT 

IF (TM.LT.OTM) RETURN 
MBMcg 
TIME^DTC 
RETURN 
END 

VARIABLES EQUIVALENCED BUT NOT REFERENCED 

REPAIR 2 
REPAIR 3 
REPAIR 4 
BORING 2 
BORING 3 
BORING 4 
ALL 2 
ALL 3 
ALL 4 
ALL 5 
ALL 6 
ALL 7 
ALL 8 
ALL 9 
ALL 10 
ALL 11 
ALL 12 
ALL 13 
ALL 14 
REPAIR 7 
REPAIR 8 
REPAIR 9 
REPAIR 10 
REPAIR 11 
REPAIR 12 
REPAIR 13 
REPAIR 14 
REPAIR 15 
REPAIR 16 
REPAIR 17 
REPAIR 18 
REPAIR 19 
REPAIR 20 
REPAIR 21 
REPAIR 22 
REPAIR 23 
REPAIR 24 
REPAIR 25 
REPAIR 26 
REPAIR 27 
REPAIR 28 
REPAIR 29 
REPAIR 30 
REPAIR 31 
REPAIR 32 
REPAIR 33 

! 

1 

i 
f! 

0 
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J. SUBROUTINE CVLfUD 

GOLET* FORTRAN 1.3 • AUTO ore • (07-l?-7?) 

1 
I 
1 
1 
\ 

I 
1 
I 
1 
I 
I 

000002 

000002 

000002 

000002 
000002 

000002 

000002 
000002 

000002 

000002 
000002 
000002 
000002 
000002 

000002 
000002 
00000? 
000002 
001)00? 
000002 
000002 

000002 

000004 
oocoos 
000011 
000*12 

SUBROUTINE CvL'1«fi 

ELEHE 
GEMrR 
ACTIV 

COMMOI 
DT> 

igT - MATERIALS H»»jDL!rJf) 
»L PROCESS - INTfr.KATFO CONT. 
ITY - LdAfMNfi 

EXCAVATOR-CONVEVOR LOADER 

NT 
T^ 

1. 
7. 
3. 
•♦ • 

9 
6   ' i 
COMHT 

1. NT 
2. UT 
COMMfl 

1. LH 
2. FT 
3. I « 
OIMEN 
EOUIV 

1. <r 
2f  (F 
3t  (L 
COMMT 

h " 
2. T = 
EC'IV 
COMMO 

1. P" 
2. FT 
COM-n 

1.  fr 
ro^Ho 
OF«L 
DTMEN 
EOUI 
COXMD 

1,  wn 
2   ST 
EOHIV 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

rr 

E.ro,.c,<;.[' 

/OLD 

LA 
/P 

TI 

OKI 

lot. 
r 

/ 
«L 
m 
LF 
Ml 

E 
TL 
TF 
UF 
IF 

■ni 

ROT I 

/   Af 
.FT, 
T .»IT 

TCUR 
.1 0'' 
3» EM 
'JIT, 
/ IF 
L.'.T 

0' C » 
/ LI 
--».I 
) ifll 
, F r 11 

iin'.? 
EH 

LOI , 
TAT) 
5 A'4. 

/XT 
«DT. 
T»OP 
U P, ,' F 

|MMM 

|jf- 

MF »H 

J/   RO.I 

.(.A 
BOMT 

I, HP 

.»r, jM»x,A«AXL.AMlfil ,PSL.CARCAP,CP.nF.DEtDTAS 
FR.TT .HP«,nPFA,HPFV.HPFA,HPFV.MPv.LOf!n.MCiML 
O.NTM.NTMAK.XP.NTHILPiNTHLPP.NTPACK.SL 
^T(,->0).TMAI'JT.TWF.vn,VS.VF.VF,VHAX.WC.WL.XDS 
( .'JUC»*! CtSTATllSOfi) »WHYl?«l»MLTYPiWMB«tCONtÖi 
IC -.FIWAC'<.FSWITC.CUNLOA.ER,<AINtIIBnRE. 
;rrv,THrv 
ILO.xSTOPt?«;) ,KUNL0.LST0PtLVFMrLfNnr«Y.N5WCH 
•'SWT,';rfITrH(?t1) .TFr(7S) ,T0P(?S1 .TSTAT(?5.4) 
|MUI'0T»XGS»IEXC*«MGS(5) ,MCV.«FLAr,c.DUMMY (20) 
F ILD.L'STOPPS» .LKUNLO.LLSTOP.LLVHCL.LNHYBY 
•.VHri.,LNMSWT.FSWTCH(20) .FTFri?1!) .FT0P(25) 
n»< l?SI,LL0AnB.LMtJK0T.FXGS.LIEXCA.LMGS(5» 

M Y ( I 9) 
'0).rnM\FW(?f.ni.LTSTAT(2,l.'.).TTSTAT(25.4) 
L.M^AIN.NTPUCl.CLVEHCL.LTRATNfLTRUCK) 
(COMNfw.LIFUD.IFlLlO). (NTDA.LNTROA) 
.(TSTAT.ITSTAT) 
LLTP i« ) , (LNVHCL .LNTRAN.LNTRUK) 
.STR.IA.PUn.Cl.TAMH.FLOWtlFLAf, 
i.-C.KMAX.TMAX.DX.nv.TPRINT.DTPRNT.IMOVE.JMETH 
Pf T . T0 . »0. »0 I SFM , ICMNf. t XCMNG. TCMNG 
. IMOVFI.(IMFTM. JMFTH) 
M,n HiO IMMH,n,)M^n,DJMOMM,OMAINTtOJMflM,DJMGS 
.BDPLAN«MPLANT.GSPLAN 
TIMF(?).GSTIMF.FCTIME 
TIH,oniTIM,uMHTIH,DMHTIM,GSUTIM.GSOTIM.ECUTIH 
VfGEND.GHEQ 
'-l(10.?).MMFN(lO.?.2)tG5HEN<J0.2).ECMEN(10.2) 

LniT.LflilBN.LSTEEL.JMCV 

,»XT) •( >E.»rF), (PP.PC) 
'/    ACM.nTPS.nwM.FE.FL.HP.QCtSMTN^m 
TE.QEtOP.SH.DTCB.DTMH.ABiVfll.NEXON.NGEO.XE.LNSURC- 
.^TMJ,OTMO 
^.VRI) 

0/ 
/ 
/ 

100 IE (AR • VR 

XWRK : 
WM» ■ 
QMR • 
PRINT 

INITIALIZE 
FQ. 0.) CO TO 200 

OPTION 1 
» VB 
• KWOK • CS / SK 
» XW«K 
QMR,UMR 

07/25/T« 

CVLOAD 2 
CVLOAD 
CVLOAD 
CVLOAD 
CVLOAD 
CVLOAD 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHFFL5 
WHEELS 
WHEELS 
WHEELS |9 
WHEELS 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
flFLTS 
UPDA7 
UPDA? 
CVLOAD 
CVLOAD 
CVLOAD 
CVLOAD 
CVLOAD 
CVLOAD 
CVLOAD 
CVLOAD 
CVLOAD 
CVLOAO 
CVLOAD 
CVLOAD 
CVLOAD 
CVLOAO 
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GOLET* FORTRAN 1.3 • »UTO RFL • (07-l?-72) CVLOAO 

0000?? 
0000?? 

0000?3 

oooo?r 
000030 
000031 
00003? 

00003? 
000037 

0DOCX.1 
0000*? 

000043 
00004S 

000046 
000050 
000051 

000060 
000064 
000066 
000070 
00007? 
000075 
000)00 

00010? 
000104 
000105 

000106 
000107 
000111 
00011? 
00011? 
000134 
0001?6 
000131 

00014? 
000143 
000145 
000146 
0OC150 
00015? 
0001.3 

101 FORMAT (I0H0 OMR.WMRa ?EI4.6> 
GO TO ?50 

C OPTION 2 
?00 OMR ■ ?000. • WMR • SK / CS 

C BOTH OPTIONS 
?S0 INIT = 1 

IF (NFFOIN .FQ. 0) GO TO 900 
NEEOIN » 0 
GO TO 370 

C NORMAL ENTRY 
ENTRY LOADCV 

350 IF (INIT .EG. I» GO TO 370 
C INITIALIZATION REQUIRED 

NFFOIN ■ 1 
GO TO 100 

C PERFORM LOADING 
370 OTLO « OT 

OVLO « OV 
C 
C     COMOUTING LABOR TIME USED FOR THIS ACTIVITY 
C 

HTIHE(?»*MTIME(?)»DT 
IF(HCV .NF. 0) GO TO 900 
IFUHLTYP .NF. ?l .AND. (LVEHCL .EO. 0)» GO TO 380 

C 
C     COMPUTING PLANT AND EQUIPMENT COSTS 
C 

HPLANT»MPLANT»EC0NEQ»DX»ECONSS»0X 
380 IF(LO«DR .NE. 1» GO TO 390 

OTLO r ?.• OT 
OVLO = OV • OTEM 

390 Om » f)VLO • SK / OTLO 
won s OVLD • es / (OTLO • SK • ?ooo.) 
IF (MLTYP .CO. ?l GO TO 609 

C UN1TI7ED MAIN LINE SYSTEM 
IF (LLVHCL.LF.O) GOTO 700 
LLOADR = 0 
IF (OTEM .EO. 0.) GO TO 550 

C ACCOUNT FOR MUCK FROM LAST CYCLE 
OIIF   =  OUF   •   OTEM 
yiiF   >  WUF   ♦   WTEM 
QTFM  ■   0. 
KTEM ■ 0. 

550 IF (000 .GT. OMR .OR. WOO .CT. WMRI GO TO 700 
OIIF   »   OUF   •   ODD   •  OTLO 
WUF » WUF • WOO • OTLO 
IF (OUC .GT. QUF .AND. WUC .GT. WUF) GO TO 900 

C MAINLINE UNIT FULLt CAN HE RELEASED 
! = LLV'iCL 
LKSTOPdl'S 
LTSTAT(1»1)»7 
OTEM  «  OUF  -  QUC 
WTEM  ■  WUF  - WUC 
OUF   ■   0. 
WUF  ■   0. 
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CVLOAD 25 
CVLOAD 16 
CVLOAO 27 
CVLOAO 2« 
CVLOAO 29 
CVLOAO 30 
CVLOAO 31 
CVLOAO 32 
CVLOAO 33 
CVLOAO 34 
CVLOAO 35 
CVLOAO 36 
CVLOAO 37 
CVLOAO 38 
CVLOAO 39 
CVLOAO 40 
CVLOAD 41 
CVLOAO 42 
CVLOAO 43 
CVLOAO 44 
CVLOAO 45 
CVLOAO 46 
CVLOAO 47 
CVLOAO 48 
CVLOAO 49 
CVLOAO 50 
CVLOAO 51 
CVLOAO 52 
CVLOAO 53 
CVLOAO 54 
CVLOAO 55 
CVLOAO 56 
CVLOAO 57 
CVLOAO 58 
CVLOAO 59 
CVLOAO 60 
CVLOAO 61 
CVLOAO 62 
CVLOAD 63 
CVLOAO 64 
CVI.OAO 65 
CVLOAO 66 
CVLOAO 67 
CVLOAO 68 
CVLOAO 69 
CVLOAO 70 
CVLOAO 71 
CVLOAD 72 
CVLOAD 73 
CVLOAO 7« 
CVLOAD 75 
CVLOAO 76 
CVLOAO 77 
CVLOAD 78 
CVLOAO 79 

1 

1 

:i 

f] 

0 
I 
1 
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i 

I 
! 

I 
I 
I 

000153 

00015<> 
000166 
00016T 

000167 
000170 
000172 
00317* 
00017* 
000175 
•FOLLOW 
NTRMN " 
STRUCK 
LTR»IN 
LTRUCK 
1F1LD 
I IFILD 
IFILLO 
LNTROA 
LLTRAN 
LLTRUK 
LNTR*N 
LNTPUK 
IMOVE 
J*ETH 
XT 
XDE 
PC 
vm 
NVEHCL 
NTD* 
LNVHCL 
JMOVE 
IMETM 
XE 
PR 

GO TO 900 
c CONTINUOUS MAINLINE SYSTEM 

600 IF (Onn ,0T. OHR .OR. WOO .GT, «MR» GO TO 700 
FOL » 000 
GO TO «JOO 

CONVEYOR CAPACITY EXCEEDED - TURN OFF 
FXCAVATOR NEXT CYCLE TO »VO. EXCESS OUT 

700 LLOADR ' 1 
OTEM » OVLD 
wTFM = woo • mo 

900   CONTINUE 
RETURN 
END 

IMG VARIABLES  FOUIVALFNCfO   RUT  NOT  REFERENCED 
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CVLOAO 80 
CVLOAO It 
CVLOAO B2 
CVLOAO 83 
CVLOAO 6* 
CVLOAO 85 
CVLOAO 86 
CVLOAD • 7 
CVLOAD 88 
CVLOAO 89 
CVLOAD 90 
CVLOAD 91 
CVLOAD 92 
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SUBROUTINE CVMNT 

GOLtTA rnRTRAN 1.3 • AUTO RFL • (07-l?-72) 

000002 

000002 
00000? 

000002 

000002 
000002 
000002 
000002 
J00002 

000002 

000002 

000002 
000002 

000002 
000002 
000002 

000002 
001002 
000002 
000032 
000002 
000002 
000002 
000002 

000002 
000003 

SUBROUTINE CVMNT 

ELFMENT MATERIALS HANDLING 
GENERAL PROCESS INTEGRATED CONVEYER EXCAVATORt CONVEYtR LOADER 
ACTIVITY MAINTENANCE 

COMMON   /ALL        /   »T.STP.IA.ROntCS.TAMR.FLOkMFLAG 
1. AT.O.E.SK.T.nT.X.PRtXMAXtTMAK.DK.OVtTPRINTtnTPRNTiIMOVEtjMETH 
2. TSHFT.RfPORT.OPPCI.TO.HOtXOISCMtlCHNGtXCHNG.TCMNG 
FOUIVALENCE (JMOVF.IMOVE).(IMETHiJMETHI 
COMMON/HONEY/ JMMHM.DJM.OJMMH.nJMRO.OJMBMMiOMAINTtOJMBM.OJMGS 

It  PMr,S.JMCV.OJMECtROPLAN,HPLANT.r.SPLAN 
2t  ECPLAN.RnmE.HTIME(2).6STIME.ECTIME 
COMMON/PERFRM/ ROUTIH,RnDTIM,UMHTIM.DMHTIM,GSUTIM.GSOTIH,ECUTI« 

1. EcnTlM.r.OAY.r.Anv.r.ENO.r.REG 
COMMON/LARO»/ RnMFN(10t?>.HMEN(10i2«2»tGSMEN«l0.2)»ECMEN(10f2) 
RFAL J"HHM,Ln.Lnp.LBIT.LBURN.LSTEFLtJMCV 
DIMENSION G(8) 
EOUIVALENCE (GtXT I . ( XE.XDF)t(PR.PC) 
COMMON /WHEELS/ AF•AF,AM»XtAMAXL.AMlNLfBSLtCARCAP.CP.OEtDF.OTAS 

1.  OTMA.OTJ.FLfFC.FR.FTtHPA.HPEA.HPEV.HPFA.HPFV.MPVtLOCO.HC.ML 
2t  NCARS.NPOINT.NTn.NTM.N'MAX.XP.NTMILPiNTMLPP.NTRACKtSL 
3t  TCl)RVX<?O)tTCl/RVY(?0- ' HAINTt TWEt VDt VS.VE.VF. VMAX.WCt WL t XDS 
4.    M»XUt)»NüML0tL0UC»0UCfWUCflT«TU9Oft> .WHY(2<.) tMLTYP.WMP.ECONEOt 
5 ECONSS.FLOCOtFMUCKC.ETOACKfFSWITCtEUNLOAtERMAIN.IIRORFt 
6 ISW(?S).NTINIT.TCCV.TMCV 
COMMON /OLOCOM/ IFILO.KSrOP(25l.KUNLO.LSTOP.LVEHCLtNRYÄY.NSWCH 

1, NTRDA.NvEHCL.NUM5WT.SWITCH(?0).TFC(25t»T0P(2S).TSTAT(?St*) 
2. UTTME(2S) ,LOADR.MiJKOT.XGS.IFXCA.MGS(5ltMCVtMFLAGC.OUMMY(20» 
COMMON /NFWCOM/ LIFILO>LKST0''(25) .LKUNLO.LLSTOP.LLVMCLtLNflYBY 

It  LNSWCH.LNTRDAtLNVHCL.LNMSWTtFS«<TCH(20»iFTFC(2S>tFTOP(25> 
2t  FTSTAT(?S,<.) truTIME(25liLLOAnRtLMUKOTtFX6StLlEXC*tLHGS(5) 
3t  LMCVtLMFLAC.FnuHMr(19) 
DIMENSION COMOLD(?60ltCOMNEWI260)iLTSTAT(25tftltITSTAT(25t«) 
EQUIVALENCE (NV£MCLtNTRAIN.NTRUCK»,(LVEHCL.LTRAINtLTRUCK) 

1.  (COMOLD.IFILD)t(COMNEWtLlEILOtIEILLD)i(NTO*iLNTRDA) 
2t  (FTSTAT.LTSTÄT»t(TSTAT.ITSTAT) 
3t  (LLVHCL.LLTRAN.LLTPUKIt(LNVMCL.LNTRANtLNTRUK» 
DATA LMCV.MCv/2»0/ 
DATA TRET.TMNT /2»0./ 
DATA INIT.NEFDIN /2»0/ 

EQUIVALENCE FOR SPECIFIC GENERAL PROCESS 
EQUIVALENCE (GOJMtJMCVI 
EQUIVALENCE (MMNTtMCV) 
EQUIVALENCE (GDTCtTCCV) 
EQUIVALENCE (GDTMtTMCV) 
EQUIVALENCE (LMMNTtLMCV) 
EQUIVALENCE (MFLAGiMFLAGCl 
EQUIVALENCE (DJMGPtDJMMM» 
EQUIVALENCE(LMFLACtLMFLAC) 

INITIALIZATION 

10   MMNT>0 
IFIOOTC  .EO.  O.I   GOTC«7. 

OT/25/72 

CVMNT 2 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
«HEELS 
«HEELS 
WHEELS 
WHEELS 
WHEELS 
WHFELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHFELS 
WHEELS 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 
CVMNT 25 
CVMNT 26 

1 

1 

1 

1 

G 

I 
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GOLET*   FORTRAN   1.3   •   *UTO   PFL   •    (0r-l?-72) CVHNT 

i: 

i 

ooceos 
000007 
000011 
000012 
oooon 
000014 
000015 

000015 
0000?? 
0000?4 
000025 

000026 
0000?7 

000030 
000032 

00003*. 
000035 
000036 

000036 
000040 

000042 
000944 
000046 
000047 
000047 
OOÖ050 
000051 

000052 
•rOLLOW 
IMOVE 
JMETH 
XT 
XOE 
PC 
NTBATig 
NTRUCK 
LTRAIN 
LTRUCK 
IFILH 
LIFILO 
1FILL0 
UNTRO» 
LLTR«N 
LLTRUK 

IF(GOJM .CO. 0.) GOJMrO. 
inr.oTM .to.  o.i GOTM»I. 
TRET = r,nTC 
INIT = 1 
IF (NEEOIN .FO. 0) GO TO 999 

NFFDIN = 0 
GO TO ?00 

NORMAL FNTRY 
ENTRY rvRPR 
IF UNIT .EQ, 1) GO TO ?00 
NFFDIN = 1 
GO TO 10 

IS MAINTENANCE IN PROGRESS 
200 IF (MMST.NF.O) GOTO 400 

IF(MFLAG .NF. 0) CO TO 999 

IS MAINTENANCE REOUIBEO 
TRFT = TPFT - OT 
IF (THET ,ßT, 0.) GO TO 999 

OOFS ANY OTHFR SITUATION EXIST SUCH THAT MAINTENANCE SHOULD 
NOT BE PERMITTED. IF SOt GO TO 999 

C      ACCUMULATING DOWN TIME 
LMMNTrl 
LMFLAGsl 
GO TO 999 

C UPDATE PROGRESS OF MAINTENANCE 
400 TMST = TMNT ♦ DT 

DMHTIM=OMHTIM»OT 

C IS MAINTENANCE COMPLETED 
IF (TMNI .LT. GOTM) CO TO 999 
D.IMGP ■ DJMGP . GDJM 
TBET = GDTC 
TMNT = 0. 
LMMNT^O 
L"FLAG.O 

999 RETURN 
C    NOTE — CHECK TESTING OF HFLAG IN RELATED SUBROUTINES 

END 
IN6 VARIABLES EQUIVALENCEO BUT NOT REFERENCED 
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CVMNT 27 
CVMNT 28 
CVMNT 29 
CVMNT 30 
CVMNT 31 
CVMNT 32 
CVMNT 33 
CVMNT 3« 
CVMNT 35 
CVMNT 36 
CVMNT 37 
CVMNT 38 
CVMNT 39 
CVMNT 40 
CVMNT 41 
CVMNT 42 
CVMNT «3 
CVMNT 44 
CVMNT 45 
CVMNT 46 
CVMNT 47 
CVMNT 4B 
CVMNT 49 
CVMNT 50 
CVMNT 51 
CVMNT 52 
CVMNT 53 
CVMNT 54 
CVMN 55 
CVMNT 56 
CVMNT 57 
CVMNT 58 
CVMNT 59 
CVMNT 60 
CVMNT 61 
CVMNT 62 
CVMNT 63 
CVMNT 64 
CVMNT 65 
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LNTP»N 
LNTRUK 
TCCV 
TMCV 
MFLAGC 
OJMMH 
LMFL*C 
JMOVE 
IMETH 
XE 
PR 
NVEHCL 
LVtHCL 
NTD* 
LLVHCL 
LNVHCL 

I 
1 

G 
It 
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L. 5UBR0UTINE RAILHL 

GOLfTA rO«TB*N   1.3   •   *UTO  RFL   •   (07-l?-72> 

1 
000002 

1 

I 
I 
I 
I 

000002 

000002 

000002 
000002 

000002 

000002 
000002 

000002 

000032 
000032 
000002 
000002 
000002 
000002 
000002 

000C02 

000002 

000002 
00900} 
OOOOfi 

SUBKOUTINf RML.HL 

fLFMFNT   -   M*TF3I*L5   H»NDL!NG 
GENFS4L   PPnCE'lS   -CnNVFNTION*L   "»IL   SYSTtH 
»rTIVITV   -  LONO   HAUL   MUC«   TRANSPORT   (INCI. JOES  RETURN   »NO 

TRAFFIC   DFl.Ar:) 
TKHtJiaUF   -   TRACK<i-nOUP.F  OR   SINGLE  WITH  CALIFORNIA   SWITCHES 

DRIVE   -   OI.SFL   OR  ELECTRIC  LOCOHOTTVF 

INSERT   COMMON 
COHMO^   /WHFFLS/   AF.AF,/MAX.AMA«L.AMINLtBSL.CAHCAP.CP.OE»nF,OTAS 

1.      DTM*«OTU«Fl.FC.FR.'r.HPA.HPFA.HPEV.HPFA.HPFVtHPV.LOCO.MC.ML 
21     NCABS.'^OINT.NTn.'.TM.NTWAX.XP.NTMILPiNTMLPP.NTRACR.SL 
3, fCU»VX<?Ol»TCU<»V    (?0) .IMAINT.TWF.VD.VSiVE.VF.VMAA.WC.WL.   OS 
4, HAILn.'n)«LD.LO' .".0U^.WUC.STATUS(.^^>^WHY{^'.).MLTYP^WMR,FCONEO^ 
5 ECONSS«ELPCO»( ■"iCKr.ETRACK.ESWITC.EUNLOA.ERMAIN. IIBORE. 
6 IS<M2S) .NTINM. .'CCViTHCV 

COMMON   /OtOCOM/   lFILD.K5TOP(2S).KUNLO.LSTOPtLVEHCL.NnYnY.NSWCH 
1,     NTRnA.'IVFMCL.Nil'<,;«T.S*ITCH(?0l,Trr(25I.TOP(2SltTSTAT<?5t'.) 
2f     UTI«f(851,LOÄnaiMurOT.XGS.IE«CA,HGS<5).MCV>MFLA6C.DUMNY(20> 

COMMON   /NewCOM/   LIFILD.LKSTnP(?SI.LKUNLO^LLSTOP.LLVMfL.LNBYiY 
It     LJ':iwrH.L'nRr;A,i.NVHrLtLNMSWT.FS»iTCH(20) »FTFC(?5>tFT0P(?5» 
?,     FT8T*T(?S.<i>«FtlTlHC(251 tLL0ADO.LMlJK0T.FXGS.LTEXCA,LMG5(5) 
3.     U*tCV»tMfl,AC»F0UMMr(l9t 

DIMENSION   COMOLDI?ftO» .CO'<'iEW(260».LTSTAT(25.'.I.ITSTAT(25t*» 
EOUIVALENFF    (NVFMfL^NTRAIN.NTRUr1. t. (LVEHCL .LTRA IN tL TRUCK) 

1. irOMOLn.IFUO), (COMMEW.HFILPifFILLO).(NTOA.LNTROA) 
2, (FTST»T»LTST*T)f 1TST»T»!T8T*T» 
3»      iLLVHCL.LI TPAN.LLTRUKl,(LNVHCL.LNTRAN.LNTRUK) 

COMMOS   /ALI /   XT.STR.IA.RQn.CS.IAMR.FLOW.IFLAG 
1. AT.O.E.SK.T.OT.x.PR.XMAX.TMAX.nXtDV.TPRINT.DTPRNTiIMOVriJMETH 
2, TSHFT.srPORT.OPPCT.TO.rO.xniSCH.ICMNG.XCHNGtTCHNS 

EODIVALF.SCF   (JMOvr.IMOVE). (IMETH, JMETHI 
COMMON/MOrJFY/   jMMHM,OJM.njMMM,OJ"RO.DJMBMMtOM»INTtOJMBMiOJMCS 

|,      pMr.f,, jMrv.njMFr.ROPLAN.HPLANT.GSPLAN 
2.     ErPLAN.ODMMF.HTlMC(2) .GSTIME.FCTIME 

COMMO'i/PfFWu/   RO'lTIM.ROnTIM.iiMHTIM.nMMTIMtOSUTlM.GSDTlMtECUTIM 
It      ECDTIM.SOAY.OADVfGEND.CBEG 

COMMON/LA^OP/   RDMFN(10.2I.MMEN(I0t?«2)tGSMEN(10t2>.ECMEN«10t2) 
PEAL   JuMHU.Ln.LO^.LHIT.LRURN.LSTEELtJMCV 
OlMtUSlON   '.(«) 
EQUIVALtSCE (GiXT).(XE.XDE>.(PR«PCI 
OATi, INITSW. IRETSW /2»0/ 
OAT'4 IOPTN /!/ 
DIMENSION «;TFMP(?5).KTRAIN(25ltlSTATE(25.'i»tST»TE(25.4» 

It  JSTOP(?S).TTFC(25ttTTOP(2S( 
DATA (KTEMPs?S»0).(KTRAIN«25»0)i(STATE ■lOO'O.» 

It  iJSTOP=?5»0).(TTFC=?5»0.>.(TTOP«25»0,>.(V«0.» 
EQUIVALENCE   (STATEtlSTATE) 

PARAMETER   INITIALIZATION 

100   INITSW  ■   I 
HLELS   «   SL/2. 
IF(LOCO  .EQ.   2)   GO  TO  110 
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RAILML 2 
RAILHL 3 
RAILHL « 
RAILHL 5 
RAILHL 6 
RAILHL 7 
RAILHL B 
RAILHL 9 
RAILHL 10 
RAILHL tl 
WHEELS 2 
WHEELS 3 
WHEELS | 
WHFEL5 5 
WHEELS 6 
WHEELS 7 
WHEELS S 
WHEELS 9 
WHEELS 10 
WHEELS 11 
WHEELS 12 
WHEELS 13 
WHEELS 1* 
WHEELS 15 
WHEELS 16 
WHEELS 17 
WHEELS IS 
WHEELS 19 
WHEELS 20 
ALL 2 
ALL 3 
ALL « 
ALL 5 
ALL 6 
ALL 7 
ALL a 
ALL 9 
ALL 10 
ALL 11 
ALL 12 
ALL 13 
ALL I« 
RAILHL 1* 
RAILHL 15 
RAILHL 16 
RAILHL 17 
RAILHL 18 
RAILHL 19 
RAILHL 20 
RAILHL 21 
RAILHL 22 
RAILHL 23 
RAILHL 24 
RAILHL 25 
RAILHL 26 
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ÜOLETA rOBTRAN 1.3 • AUTO RFL • (07-12-72) RAILML 

OOÖ007 
000011 
000013 
oooou 
COOOlfi 
000020 

00002«. 
0CD025 
000027 
000031 
090033 
00Ü035 
C00037 
0000*2 
OOOO^ 
000053 
OOOOS«. 
000056 
000060 

000066 
000071 
00007« 
000076 
C00077 
000101 
000102 
000103 
000106 
0001U 
JOOllfc 
G00123 
000126 
000131 
000132 
00013* 
000135 
000136 
0001*1 
0001** 
0001*7 

000156 
000161 
00C163 

000163 
009163 
000165 

00016A 
0Ü9170 
000171 
ooo: a» 

IF (FC .EQ.0,1 FC » 0.0*55 
IF (CP .FO.O.t CP *  0.1* 
GO TO 120 

110 FC=.7*6 
IF(CP .EO. 0.» CP=.02 

120 IF(VE • VF .GT.O.) GO TO 200 
OPTION 

I0OTN *  2 
IF (FT .EO. 0.) FT " 0.25 
IF UMAX .EQ. 0.) AMAX - 9999. 
IF(EL .EO. 0.) EU=0.8 
HPFAC » EL • 375. 
MPAFAC ■ HPFAC • HPA 
GE »(NCABS • WO • W 
GF » 
XI = 
ME » 
WF « 
TTFA 
AC » 

NCAR5 
NCARS 
GE / 
GF / 
■ FT 
6.65 

XI 
XI 

IWC 
MC < 

• 1.3S 
ML 

• CARCAPI * WL 

• WL • 2000. 
• (CARCAP •• 0.391 • 

COMPUTE 
(?9. / WE» 

(WF • MC» 
HPFAC 

.00 
VE RE« vr« Rf 

Cl = 1.3 
C2 » AC / 
C* » HPV 
REM « Cl 
RtF2 * C2 
A » .0*5 / C2 
B 
C 
VE 
IF 
RF 
Cl 
C2 » AC / (WF • MC» 
RFF1 « Cl 
RFF2 « C2 
A = .0*5 / C2 
R » Cl / C? 
C « -C* / (C? • GF» 
VF = CUBIC (A.B.C > 
IF (VF .GT. VMAX»  VF 
RF » GF • (Cl • (C2 • 

Cl / C2 
-C* / (C2 • GE» 

* CUBIC (A. B. C) 
(VF .GT. VMAX» VE = VHAX 
» r,E*(Cl • (C2 • VE • VE» 
• 1.3 • (?9. / WF» 

• (.045 •  E» i 

200 

HPEV « (HE'VF» 
HPFV * (RF'WFI 
GO TO 250 

CONTINUE 
HPEAH » MPEA 
HPFAH ■ HPF* 

HPFAC 
HPFAC 

■ VHAX 
VF • VF» • (.0*5 • VF» 
COMPUTE MPEV.MPFV 

250 OINCRM50. 
YWRK ■ VD 
IF (VS .GT, VO» VWRK 
XWRK ■ 26*0. • (VF 

OPTION I 

BOTH OPTIONS 

VS 
•  VF - YWRK  • YWRK»   / OF 

07/25/72 

RAILHL 27 
RAILHL 28 
RAILHL 29 
RAILHL 30 
RAILHL 31 
RAILHL 32 
RAILHL 33 
RAILHL 3* 
RAILHL 35 
RAILHL 36 
RAILHL 37 
RAILHL 38 
RAILHL 39 
RAILHL *0 
RAILHL *1 
RAILHL *2 
RAILHL A3 
RAILHL ** 
RAILHL *5 
RAILHL *6 
RAILHL *7 
RAILHL *8 
RAILHL *9 
RAILHL 50 
RAILHL 51 
RAILHL 52 
RAILHL 53 
RAILHL 5* 
RAILHL 55 
RAILHL 56 
RAILHL 57 
RAILHL 58 
RAILHL 59 
RAILHL 60 
RAILHL 61 
RAILHL 62 
RAILHL 63 
RAILHL 6* 
RAILHL 65 
RAILHL 66 
RAILHL 67 
RAILHL 68 
RAILHL 69 
RAILHL 70 
RAILHL 71 
RAILHL 72 
RAILHL 73 
RAILHL 7* 
RAILHL 75 
RAILHL 76 
RAILHL 77 
RAILHL 78 
RAILHL 79 
RAILHL 80 
RAIL»«. 81 

1 
1 
1 
1 
1 

D 
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OOLETA FORTBAN J.3 • AUTO RFL • (OT-J?-??) RAILHL OT/JS/»?? 

000?00 
000?01 
000?0T 
000313 
000?14 
000?17 
000221 
000?2« 
000326 
000252 

000252 
000255 
000257 
000266 

000266 
000267 
000270 

000271 

000276 
000277 
000300 
000301 
00030« 

000307 
000310 
000311 
000312 

000313 

000315 
000315 

000333 

000334 
000336 

000336 

IF («HRK .LT. niNCR) DINCR '   XWRK 
XWPK » ?f,<,0.   • (VE • VE • VS • WSI / OE 
IF (XWPK .LT. DINC«) OINCR » XKRK 
OFLMAX = OINCR / (52fl0. • VE) 
IF (NTRACK .TO. 2) NUMSWT ■ I 
CPKC « CP • FC 
SWHPE « MPFV • VS / VE 
SWMPF » HPFV • VS / VF 
PRINT 260. VF.VF.RE.RF.CE.GF.MPEVtHPFV 

260 FORMAT (23H0R*It. PARAMETERS -   VE.7Xi2HVF.TXt2HRE»7Xt2HRFt7X, 
•        ?Hr,F.7X,?HGF,6X.<.HHPEVi5X.4MHPFV/lTX.8(F8.3fVX) I 
0UC=CARCAP«NCARS»?7. 
WUC=QUC».0S 
PRINT 261. OlIC. MUC 

261 F09MAT (1BH0 TRAIN CAPACITY ■ F10.«f 17H CUBIC FEET ANO 
1  FlO.*. 5H TONS) 

MAS CALL FOR INITIALIZATION ONLY 
IF (IRETSW) ?70.<J,>9.27D 

270 IRET5W *   0 
60 TO 350 

ENTRY RAILTR 

IF (INITSW) 3S0.320.3SO 
320 IRFTSW » 1 

GO TO 100 
350 NITERsfiT/DELMAX 

TFRACiDT-NITFR'OELMAX 

UPDATE TRAIN STATUS MATRIX 

HAS INITIALIZATION BEEN PERFORMED 

C 
c 
c 

COMPUTING LABOR TIME USED FOR THIS ACTIVITY 

HTTME(l>=HT!ME(l».DT 
IF(MFLAGC .Nf. 0) GO TO 351 
IF(NUMLO .EQ. 0) GO TO 352 
IFdlflORE .ME. 0» GO TO 351 

COMPUTING UP TIME 

UHHTIM»UMHTTM«OT 

COMPUTING PLANT AND EOUIPMENT COSTS 

351 CONTINUE 
HPLANT = HPL »NT»DT»(NTRAIN'ELOCO^NTRAIN'NCARS^EMUCKC)• 
10X»(ETRACKtNS»ES«ITC»EUNLOA»ERMAIN» 
GO TO 353 

COMPUTING DOWN TIME / 

352 OHHT1»«.OMHTIM»OT 
353 CONTINUE 

DO 355 J'l.NTRAlN 
RETRIEVE /OLOKRK/ VARIABLES 

RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHl 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAP.HL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 

82 
83 
8A 
95 
86 
87 
88 
89 
90 
91 
92 
93 
9* 
95 
96 
97 
98 
99 

100 
101 
102 
103 
lO*. 
105 
106 
107 
108 
109 
110 
in 
112 
113 
11« 
115 
116 
117 
11« 
119 
120 
121 
122 
123 
12« 
125 
126 
127 
128 
129 
130 
131 
132 
133 
13« 
135 
136 

VI-81 
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1 

GOLtT* FORTRAN 1,3 • AUTO RfL • (07-12-72» RAILHt 

ooono 
oooa'.a 
000T.5 
0003'.7 
000151 
000353 
oeo35s 
0C0357 
00C361 
00036? 
000363 
000364 
000365 
000366 
000370 
000370 
000371 
000373 
000375 
000401 
OOO'iO« 
000406 

000414 
000416 
090*20 
000421 
000426 
000430 
O0D43S 
000437 
000441 
000442 
C00445 
000447 
000452 

000452 
000454 
000457 
000460 
000461 
000464 
000470 
000473 

000474 
000476 
000477 
000502 
000504 
C00506 
000507 
000511 
000512 

I5T*TF(J,1) = ITSTATU.l) 
5TATr(J,2) = T5TATU.21 
STATE(J,3) = TSTAT(JO) 
ST«Tf:(J,4> » TSTAT(J.4) 
JSTOP(J) = KST0P«J) 
TTFC(J) = TFC(J) 
TT0P(J» = TOP(J» 

355 CONTINUE 
ISTOP » LSTOP 

360 LLTRAN a 0 
LRETRN « 0 
DFLTAT * OFLMAX 
IF (NITER.NE.O GOTO 362 
DELTAT*TFRAC 

362 CONTINUE 
LOUE=100 
OO 364 ITR=I,NTRAIN 
IF (ISUTEdTR.U.NE.O) GOTO 36* 
IF (JSTOP(ITR).GT,100l LOUE»LOUE»I 

36* CONTINUE 
IPBNCH *   ISTOP ♦ l 
GO TO (500.400.450) IBRNCH 

C SYSTEM MUST BE SHUT DOMN 
400 DO *20 JM.NTRAIN 

IF (JSTOP(J) .NE. 0> GO TO *20 
IW^K = 1STATE(J.1> 
IF ((IWRK-IO) • (IKRK-W) .EO. 0» GO TO 420 
JSTOP(J) = * 
IF ((IHRK-6>*(IHRK-TI .EO. 0» GO TO 420 
JWRK = (IWRK •11/2 
IW?K c IMRK / 2 
IS « 7 
IF (IWRtf .EO. JWRK> 
ISTATF(J.1I = IS 

*20 CONTINUE 
GOTO 500 

IS 

*50   00  470   JM.NTRAIN 
IF   (JSTOP(J>   .NE.   4»   GO  TO  470 
JSTOPUI   s  0 
JHRK   =   ISTATE(Jil> 
IF   (JWRK   .EO.   0»    ISTATE(J.l»   ■ 
IF (JWRK .EO. 1> ISTATE(J.l) - 

*70 CONTINUE 
«75 ISTOP * 0 

SYSTEM MUST BE BROUGHT UP 

500 00 750 I « l.NTRAIN 
DELTAC * 0. 
STATE(I.*t « STATE(I.*> 

APPLY OELTA-T TO ALL TRAINS 

• «OELTAT / 24.) 
ISTAT « ISTATEd.l» 
TPOS » STATEd.2> 
TSPO a STATEd.3» 
IKTEH? '  KTENPd» 
IJSTOP ■ JSTftPd) 
IISW ■ iswdi 

07/25/72 

RAILHL 137 
RAILHL 138 
RAILHL 139 
RAILHL 1*0 
RAILHL 1*1 
RAILHL 142 
RAILHL 1*3 
RAILHL 1** 
RAILHL 1*5 
RAILHL 1*6 
RAILHL 1*7 
RAILHL 1*8 
RAILHL 1*9 
RAILHL 150 
RAILHL 151 
RAILHL 152 
RAILHL 153 
RAILHL is* 
RAILHL 155 
RAILHL 156 
RAILHL 157 
RAILHL 158 
RAILHL 159 
RAILHL 160 
RAILHL 161 
RAILHL 162 
RAILHL 163 
RAILHL 16* 
RAILHL 165 
RAILHL 166 
RAILHL 167 
RAILHL 168 
RAILHL 169 
RAILHL 170 
RAILHL 171 
RAILHL 172 
RAILHL 173 
RAILHL 17* 
RAILHL 175 
RAILHL 176 
RAILHL 177 
RAILHL 178 
RAILHL 179 
RAILHL no 
RAILHL 181 
RAILHL 182 
RAILHL 183 
RAILHL 18* 
RAILHL 185 
RAILHL 186 
RAILHL 187 
RAILHL 188 
RAILHL 189 
RAILHL 190 
RAILHL 191 

] 
1 
1 
I 
I 

0 

! 
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I 
I 

1 COttT»  fOUTfiAf*   1.3  •   *UTO  RFL   •   (07-12-721 RAILHL 07/2Ü/7Z 

I 

e«05u 
•19315 
••«520 
•••522 

•Of54I 
•••54.5 

•••556 
•••556 

•••557 
•••561 

•••561 
•••563 
••«565 
••0566 
090567 
•••5T0 

••0570 
•••576 
«00577 
000577 
e««6O0 
«««602 
•««603 
•••604 

«•«604 
•••606 
000607 

000610 
«««614 

«•«624 
000627 
000630 

«««630 
«««635 
«««636 

«00637 
«00642 
0004SO 
000652 
•««654 
000657 
«««662 
«00664 
«09672 
000673 

510 

511 

S14 

516 

520 

522 

524 

530 

536 

542 

550 
551 

553 

SWPOS » 0 RMLHL i<»2 
IF MISW .GT. 0) SWPOS ■ SWITCHdISWI RAILHL 193 
IBRNCH ■ IST&T ♦ 1 RAILHL J94 
GO TO (Sl0.5-lO>550»570»59C<610t630.650<670f690t700t700l IBRNCH RAILHL 195 

TRAIN IS FMPTT. AND HAS STOPPED RAILHL 196 
IF (IJSTOP.6T.100» GOTO 511 RAILHL 197 
GOTO (5Kt5l6t520.1000tl000>6O0l IJSTOP RAILHL 198 

TRAIN IS IN LOAD QUEUE RAILHL 199 
CONTINUE RAILHL 200 
GOTO 69fl PAILHL 201 

TRAIN IS BEING LOADED RAILHL 202 
U.TRANM RAILHL 203 
GOTO 696 RAILHL 20« 

TRAIN IN SWITCH, MITH ANOTHER STOPPED AHEAD RAILHL 205 
IF(IST»TE(1KTEMP,1) .EO. 01 GO TO 700 RAILHL 206 
TPOS • SWPOS - HLFLS RAILHL 207 
ISTAT « 2 RAILHL 208 
IKTEHP '   0 RAILHL 209 
IJSTdP a 0 RAILHL 210 
GO TO 698 RAILHL 211 

TRAIN IN SWITCH, WITH ANOTHER APPROACHING   RAILHL 212 
IF(STATE(IKTFHP»2) .GT. SWPOS-HLFLS» GO TO 70« RAILHL 213 
LRETRN - 1 RA'LHL 214 
GO TO 636 RAILHL 215 
ISTAT « 2 RAILHL 216 
TPOS « SWPOS ♦ HLFLS RAILHL 217 
IKTEMP » 0 RAILHL 218 
IJSTOP « 0 "»'LHL 219 
GO TO 698 RAILHL 220 

TRAIN IN 1ST SWITCH, AWAITING DISCHARGE RAILHL 221 
IF (IFILLO .EO. 1> 60 TO 700 RAILHL 222 
LBfTRN » 5 PAILHL 223 
GOTO 662 RAILHL 22« 

TRAIN IS EULL AND STOPPED RAILHL 225 
IF (IJSTOP.GT.5> GOTO 1000 RAILHL 226 
GOTO (1000.536.542,1000.524) IJSTOP RAILHL 227 

TRAIN IN SWITCH, ANOTHER STOPPED AHEAD RAILHL 228 
IF (ISTATE(IKTEMP,1) .FO. 1) GO TO 700 RAILHL 224 
LPFTBN « 3 RAILHL 230 
GO TO 662 **"-HL .f3l 

TRAIN IN SWITCH» ANOTHER APPROACHING RAILHL i;32 
IFISTATEdXTFHP.Z) .IT. SWPOS-HLfLS» GO TO 700 RAILHL 233 
LRETRN - 5 RAILHL 23« 
GO TO 656 RAILHL 235 

TRAIN IS ACCELERATING EMPTY RAILHL 236 
IF dOPTN - I» 58«.553,59« RAILHL 237 
BE = OF • (RFF1 . (rSPO»(REF2»TSPO»0.0«5)d RATLHL 238 
AFA . TEA - BE RAILHL 239 
IF (AFA .LT. 0.) AFA ■ 0. RAILHL 2«0 
AE • 39.« • *FA / GE RAILHL 2«1 
IF UMAX .LT. AE» AE ■ AMAH RAILHL 2«2 
Yl . AE • OELTAT RAILHL 2«3 
TPOS . TPOS.nELTAT»((26«0.»YII»«528«.»TSP0»» RAILHL 2«« 
TSPO ■ T5P0 ♦ Yl RAILHL 2*5 
IF (I0PTM.E0.2> HPEAH» (AE • CE/39.4 «RE» • (TSPO/HPFACJ RAILHL 246 

1 
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GOLET* FORTRAN 1.3 • »UTO RFL • <07-»2-72> RAILHL 

090703 
000713 
000714 
000717 
000720 
000722 
000724 
000730 
000731 
000736 
000741 
000742 
000743 
000744 
000747 
000750 

000750 
000753 
000761 
000763 
000765 
000770 
000773 
00077S 
001002 
001004 
001014 
001024 
001025 
001030 
001031 
091033 
001035 
001037 
001043 
001044 
001051 
001054 
001055 
001056 
001057 
001062 
001063 
001070 
001073 
00107« 
001075 

001075 
001077 
00110C 
001101 
001103 
001104 

5S4 

ssa 

562 

IF (HPA .GT. 0. .AND. HPEAH .GT. HPA) HPEAH ■ HPA 
OELTAC *   HOEAH 
IF (TSPO - VE) 55Bt554t55« 
ISTAT *  4 
TSPO *  VE 
00 562 J»1.NUMSWT 
A » SWITCH(J) - HLFLS - TPOS 
IF (A .LT. 0.» GO TO 562 
B « 2640. • («TSPO»TSPD)-(VS»VS») / DE 
IF (A .GT. 8> GO TO 562 
ISTAT ■ 6 
IISW » J 
GO TO *<»« 
CONTINUE 
IISW » 0 
GO TO 699 

570 
571 

IF (IOPIN 
BF « GF • 
AFA = TEA 

TRAIN IS ACCELERATING FUU 
- 1> 584.572.584 
(HFF1 . (TSPD • (RFF2<»TSPO ♦ 0.0451)1 
- PF 

IF (AFA .LT. 0.) AFA » 0. 
AF » 39.4 • »FA / GF 
IF IAMAX .LT. AF» AF ■ AMAX 

572 Yl « AF • DELTAT 
TPOS = TPOS - DELTAT»(<52«0.»TSPO>»«26«0.#YI>) 
TSPO « TSPD ♦ Yl 
IF (I0PTN.EQ.2> HPFAH= (AF«GF/39.4 ♦ RF» • (TSPO/HPFAO 
IF (HPA .GT. 0. .AND. HPFAH .GT. HPA) MPFAH ■ HPA 
OELTAC ■ HPFAH 
IF (TSPO - VF» 579.574.574 

574 ISTAT « 5 
TSPO « VF 

5TB IF(NTRACK .EO. 2) GO TO 583 
00 592 J=1.NUMSWT 
A » TPOS - (SWITCH(J) ♦ HLFLS) 
IF (A .LT. 0.) GO TO 592 
B « 2640. • ((TSPD»TSPO)-«VS»VS») / DF 
IF (A .GT. B) GO TO 592 
ISTAT - 7 
I15K » J 
GO TO 698 

582 CONTINUE 
583 IIS* ■ 0 

B » 2640. • ((TSPO»TSPO)-(VO»VO)> / OF 
IF (TPOS .GT. B) CO TO 698 
ISTAT ■ 7 
IISU ■ 100 
GO TO 698 

FIND TEA 
584 TEA » TTE* 

IF (HPA .EO. 0.) GO TO 585 
Yl » TEA 
IF (TSPO .NE. 0.) Yl ■ HPAFAC/TSPO 
GO  TO 589 

585 IF   (TSPO  .GT.  TCURVXU))  60 TO SB» 

07/25/72 

RAILHL ?47 
RAILHL 248 
RAILHL 249 
RAILHL 250 
RAILHL 251 
RAILHL 252 
RAILHL 253 
RAILHL 254 
RAILHL 255 
RAILHL 256 
RAILHL 257 
RAILHL 258 
RAILHL 259 
RAILHL 260 
RAILHL 261 
RAILHL 262 
RAILHL 263 
RAILHL 264 
RAILHL 265 
RAILHL 266 
RAILHL 267 
RAILHL 268 
RAILHL 269 
RAILHL 270 
RATLHl 271 
RAILHL 272 
RAILHL 273 
RAILHL 274 
RAILHL 275 
RAILHL 276 
RAILHL 277 
RAILHL 278 
RAILHL 279 
RAILHL 280 
RAILHL 291 
RAILHL 292 
RAILHL ?83 
RAILHL 284 
RAILHL 295 
RAILHL 296 
RAILHL 287 
RAILHL 288 
RAILHL 299 
RAILHL 290 
RAILHL 291 
RAILHL 292 
RAILHL 293 
RAILHL 294 
RAILHL 295 
RAILHL 296 
RAILHL 297 
RAILHL 298 
RAILHL 299 
RAILHL 300 
RAILHL 301 

1 
1 
1 
1 
1 

1 
0 

'I 

i 

0 
I 

li 
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1 

I OOtCTA roRTRAN 1.3 • AUTO RrL • (07-12-72) (MILHt 

I 

O&IllO 
00111 
00111 
00111 
00111 
00111 
0011? 
com 
00113 
00113 
001135 
001135 
001U0 

001143 
oom7 
001150 

001150 
001153 
001154 

001154 
001160 
001161 

001161 
001163 
001170 
00117? 
001174 
00117«, 
001176 
001177 
001?00 
001?01 
001?01 
001?03 
001?04 
001?10 
001?!3 
001?15 
001?17 
001??1 
001??5 
001??5 
001??6 
001226 
001230 
001230 
001231 
001'32 
0J:233 

001236 
001240 

586 

5B8 

589 

590 

600 

610 

630 

rl « TCU«»VY(1 ) 
GO TO 589 
DO 5Rfl K » 2,NP0INT 
«WRK » TCURVX(K) 
IF(XlilBK .LT. T5PD) GO TO 588 
YW9K = TCU9VYIK» 
rl = ywRK-((XWRK-TSPO)»(VWRK-TCURVY«K-l))/CI<«RK-TCURVX«K-l»»» 
GO TO SflO 
CONTINUE 
Yl » TCURVY(NPOINT) 
COVTIUUE 
ir (vl .LT. TE*) TE» » Yl 
IF (1ST*T - 2) 57li551.S71 

TR*IN FHPTVt GOING »T FULL SPEED 
TPOS = TP03 . (5280. • VE • 0ELT4TI 
DFLTAr = HPEV 
GOTO 554 

TRAIN IN SWITCH. WAITING TO ENTER LOAD 
IF (NDMLO.GE.MAXLDJ GOTO 700 
LRETRN»! 
GOTO 643 

TPOS = TPOS - (5280. 
OFLTAC * HPFV 
GOTO 574 

TRAIN FULL. GOING AT FULL SPEED 
VF • OELTAT) 

TRAIN IS DECELERATING EMPTY 

((5280.»TSPD)-(2640.*Yn ) 

634 

636 
6636 

6637 

627 

637 

6638 
638 

Yl = OE • OFLTAT 
TPOS = TPOS » OELTAT 
T<;PD - TSPO - Yl 
IF (TSPO .GT. 0.) GO TO 634 
I<;TAT = o 
TPOSsSWlTCHUISW» 
TS0D = 0. 
IF (IJSTOP.NF.OI GOTO 698 
LRFTON^l 
GOTO 6636 
IF (ISTOP .EO. 1) GO TO 698 
IF (IISU .FQ, 0) GO TO 698 
IF (TSPO .GT. VS» GO TO 648 
TF (IISW-(»IUHSWT-I)> 638. 6638.6636 
LODEsLOUFO 
NUHLD = LOUfr-99 
IF (Nijmn.LE.MAXLO) GOTO 627 
PCINT ftf.37 
FO»HAT (30H0  TOO MANY TRAINS AT THE FACE 
CALL  E«IT 
CONTINUE 
IJ5T0P»L0UE 
GOTO 648 
IJST0P«6 
tKTEXP.O 
GOTO ^.48 
IF (NUMLO-MAXLD) 643.637.637 
XI s> SWITCH(TISW ♦ 1) 
RMAX   ■   XI    .   HLFLS 

07/25/72 

RAILHL 302 
RAILML 303 
RATLHL 304 
RAILHL 305 
RAILHL 306 
RAILHL 307 
RAILHL 308 
RAILHL 309 
RAILHL 310 
RAILHL 311 
RAILHL 312 
RAILHL 313 
RAILHL 314 
RAILHL 315 
RAILHL 316 
RAILHL 317 
RAILHL 318 

AREA RAILHt. 319 
RAILHL 3?0 
RAILHL 3?1 
RAILHL 3?2 
RAILHL 323 
RAILHL 324 
RAILHL 3?5 
RAILHL 326 
RAILHL 327 
RAILHL 3?B 
RAILHL 329 
RAILHL 330 
RAILHL 331 
RAILHL 332 
RAILHL 333 
RAILHL 334 
RAILHL 335 
RAILHL 336 
RATLHL 337 
RAILHL 338 
RAILHL 339 
RAILHL 3*0 
RAILHL 341 
RAILHL 342 
RAILHL 343 
RAILHL 344 
RAILHL 345 
RAILHL 346 
RAILHL 347 
RAILHL 348 
RAILHL 349 
RAILHL 350 
RAILHL 351 
RAILHL 352 
RAILHL 353 
RAILHL 354 
RAILHL 355 
RAILHL 356 

I 
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1 
GOLETA FOBTRAN 1,3 • AUTO RFL • (07-12-72) RAILHL 

0012'«? 

001245 
001?*5 
001250 
001253 
001255 
001257 
001262 
001263 
001264 
09126* 
001266 
001267 
001270 
001270 
001272 
001274 
001275 
001275 
001302 
001303 
001304 
001307 
001307 
001312 
001314 
001316 
001317 
0C1321 
001324 
001326 
031330 
001344 
001345 
001346 
001346 
001351 
001353 
001354 
001354 
001357 
001361 
001362 
001363 
001364 
001365 
001365 
001367 
001370 
001371 
00137? 

001373 
001376 

642 

TO 642 
TO 642 

.NE. 0» GO TO 639 

639 

640 

641 

642 
643 

• (IWRK-7)  „NE. 0) 00 TO 6*2 

RMIN a XI - HLFLS 
DO 642 K=1,NTRAIN 
IF (I .FO. K) GO TO 
Xl » STATF(K,2) 
IF «Xl .GT. RHAX) GO 
IF IXI .LT. BMIN) GO 
IWRK ■= ISTATE(K.l» 
IF (IWRK • (I«RK-6> 
IKTEMP ■ K 
IJ5TPP ■= 2 
GO TO 648 
IF (IWRK .NE. 8) GO TO 640 
IKTEMP ■ 0 
IJSTOP « 0 
GO TO 642 
IFdWRK .NE. 91 CO TO 641 
IKTEMP * K 
USTOP » 3 
GO TO 648 
IF MIWRK-l) 
IKTEMP s 0 
IJ5TnP = 0 
CONTINUE 
CONTINUE 
RUAX = SWITCHdISW • 1) - HLFLS 
KMIN «= SWITCHdISWI • HLFLS 
00 646 KM.NTRAIN 

(1 .EO. M GO TO 646 
= STATE(K,2) 
(XI .GT. RMAXI GO TO 646 
(XI .LT. PHIN) CO TO 646 

IWRK   =   ISTATE(KtH 
IF( (IWRK-1)•(IMHK-3»*(IWRK-5>»(IWRK- 
IKTEMP   =  K 
USTOP   «   3 
GO TO 648 

644 IF (TwRK • 
jKTEMP « K 
IJSTOP = 2 
GO TO 648 

646 CÜNTINUE 
IF (LRETRN 
ISiAT i 8 
T«PO = VS 
IKTEMP ■ 0 
USTOP » 0 
GO TO 698 

648 IF (LRETRN 
ISTAT « 6 
GO TO 698 

649 ISTAT » 0 
GO TO 698 

IF 
XI 
IF 
IF 

7) .NE. 0) 60 TO 644 

(IKRK -6) .NE. 0) GO TO 646 

.FO. »> GO TO 522 

.FO. 1) CO TO 649 

650 IFUSTOPM» 
LRETRN«5 

TRAIN IS DECELERATING FULL 
.NE. 51 GO TO 652 

07/25/72 

RAILHL 357 
RAILHL 358 
RAILHL 35V 
RAILHL 360 
RAILHL 361 
RAILHL 362 
RAILHL 363 
RAILHL 364 
RAILHL 365 
RAILHL 366 
RAILHL 367 
RAILHL 368 
RAILHL 369 
RAILHL 370 
RAILHL 371 
RAILHL 372 
RAILHL 373 
RAILHL 374 
RAILHL 375 
RAILHL 376 
RAILHL 377 
RAILHL 378 
RAILHL 379 
RAILHL 380 
RAILHL 381 
RAILHL 382 
RAILHL 383 
RAILHL 384 
RAILHL 385 
RAILHL 386 
RAILHL 387 
RAILHL 388 
RAILHL 389 
RAILHL 390 
RAILHL 391 
RAILHL 392 
RAILHL 393 
RAILHL 394 
RAILHL 395 
RAILHL 396 
RAILHL 397 
RAILHL 398 
RAILHL 399 
RAILHL 400 
RAILHL 401 
RAILHL 402 
RAILHL 403 
RAILHL 404 
RAILHL 405 
RAILHL 406 
RAILHL 407 
RAILHL 408 
RAILHL 409 
RAILHL 410 
RAILHL 411 

1 

0 
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GOLETA TORTRAN 1.3 • AUTO RFL • (07-|?-72» BA1LHL 07/?S/72 

r 

] 

i: 

i 

i 
i 
i 
i 
i 

001377 GO TO 656 
00137T 652 Yl-DF»OFl.TAT 
OOl^Ol TP05 r TS'ns . DFLTAT • ((26*0.«n )-(5280 
001*07 T5PD r TSPO - Yl 
OOl'.lO IF (1STOP .EO. 11 GO TO 6<58 
001*12 IF(M5W .FO. 100) GO TO 653 
001<.U IF (TSPO .GT. O.IGO TO 651 
00K16 I5TAT « 1 
001*17 T5PO = 0 
001*17 GO TO 6'>B 
001*30 651 IF (ITSW .FO. 0) GO TO 6<»R 
O0I*?l IF(TSPO .GT. VS) GO TO 666 
001*25 GO TO 656 
001*25 653 IF(T5Pn .LF. O.I TPOS=0. 
001*30 IFfTPOS .GT. 0.) GO TO 666 
001*33 ISTAT = 10 
001*3* TPOS = 0 
001*3* TSPO « VO 
001*36 NTOA = NTDA • 1 
001*37 IF (NTOA .GE. NTO) IFILLD ■ 1 
001**2 GO TO flH 
001**3 656 IF (IISW »HZ,   1) GO TO 658 
001**5 IFMFTLLO .NF. 1) GO TO 658 
001**7 IJSTOP i 5 
001*50 IKTFMP » 0 
O0I*Sl GO TO 666 
001*51 658 If (ITSW .LE. l> GO TO 662 
001*5* XI = SKlTCHdISW - 11 
001*55 RHAX = XI • HLFLS 
001*57 RMIN = XI - HLFLS 
001*60 00 660 KrJ.NTRAIN 
001*62 IF (I .FO. Kl CO TO 660 
001*63 XI = STATFIK.?) 
001*65 IF (X| .r,T. PMAX) GO TO 660 
001*70 IF (XI .LT. BMIN) GO TO 660 
001*72 IWBK i ISTATF(K.l) 
001*7* IF ((iwRK-l)»(IWRK-71 .NE. 0) GO TO 658* 
001501 inEHP » K 
001502 IJSTOP = ? 
001503 GO TO 666 
00150* 650* IFITrfB«; .NE. 9) GO TO 6586 
001506 JKTFMO a 0 
001S07 IJSTOP = 0 
001510 TO TO 660 
001510 65fl6 IF (IWRK .NF. Bl 60 TO 6588 
001512 JKTEMP = K 
00151* IJSTOP i 3 
001515 GO TO 666 
001515 65fl8 IF ( IIWRK-6)MWRK .NE. 0) GO TO 660 
0015?0 IKTEM3 . 0 
001521 IJSTOP • 0 
001522 660 CONTINUE 
001525 662 RMAX ■ SKITCM(IISW) - HLfLS 
001530 B«IN=0. 
001.31 IF (IISW.NE.ll BMIN-SWITCM(IISW-l)»HLrLS 

RAILHL 
BAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 
BAILHL 
RAILHL 
RAILHL 
RAILHL 
RAILHL 

*12 
413 
*l* 
*15 
*16 
417 
*IB 
*19 
*70 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
4*0 
441 
442 
4*3 
4*4 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
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GOLFT» FORTRAN >.3 • AUTO BFL • (07-l?-72» RAILHL 

001S37 
OOlSi.0 

OOXSUS 
0015A7 
00155J 
001561 
00156? 
001^63 
001563 
001570 
001572 
001573 
001573 
001576 
001603 
00160«» 
001606 
091607 
001610 
001610 
001615 
001616 
001617 
001620 
001623 
CO 1624 
001625 
001626 
001626 
001627 

001630 
03,.63'» 
00163* 
001636 
0016M 
001642 
0016*3 

0016*4 
0C16S0 
00U:51 
00165* 
001655 
001656 
001660 
001662 
00166* 
001666 
001670 
001671 
00167* 
00K75 

(IWRK-71 .NC. 0) GO TO 664 

00 66* K=1,NTPÄIN 
IF (1 .FO. K) 00 TO 664 
Yl i STATF(K,?) 
IF U! .r,T. PMAX» GO TO 66* 
TF(Y1 .LT. B'<1N) GO TO 66* 
IWRK « TSTATf(K.l» 
IF 1IWRK • UWRK-?) • (1WRK-*) • (IHRK-6) .NE. 0» 60 TO 663 
IKTEMP » K 
IJSTOP » 3 
GO TO 666 

663 IF ((IWRK-l) 
IKTEMP • K 
IJSTOP = 2 
GO TO 666 

66* CONTINUE , ^   ,.   „ „.. 
IF ((LRETRN-3) • (LRETRN-5» .EO. 0) GO TO 6662 
ISTAT x <» 
TSPO = VS 
IKTEMP -   0 
IJSTOP = 0 

666 IF(1LPETBN-*)»(LRETRN-5) .EO. 0) GO TO 6666 
ISTAT « 7 
GO TO 698 

6662 ISTAT *   3 
TPOS = SWITCH(IISW) - MLFLS 
IKTEMP = 0 
usTnp = o 
LPETRN'O 
GO TO 69S 

6666 ISTAT « J 
GO TO 699 

670 TPOS « TPOS ♦ (52«0. 
TSPO *   VS 
OELTAC * SWHPE 
IF (TPOS - SWPOS 
ISTAT » ? 
IISW » 0 
GO TO 699 

TRAIN EMPTYt TRAVELING IN SWITCH »T VS 

VS • OELTAT» 

HLFLS .LT. 0.1GO TO 69« 

TRAIN EULLt TRAVELING IN SWITCH »T VS 

• VS • OELTAT» 690 TPOS *   TPOS - (5290 

tpSI2*»0S - HLFLS - TPOS .LT. 0.» GO TO 69S 
ISTAT *   3 
IISW . 0 

698 ISTATF(I.l) = ISTAT 
ST4TE(l»21 " TPOS 
STATE(1.3) « TSPO 
ISW(I) « IISW 
KTEHP(I> * IKTE«P 
JSTOPdl *   IJSTOP 
OELTAr » OELTAC • CPFC • OELTAT 
OJMMM ■ OJMMH ♦ OELTAC 
TTFC(I) ■ TTFCd» ♦ OELTAC 

07/25/72 

RAILHL *67 
RAILHL *68 
RAILHL *69 
RAILHL *70 
RAILHL ♦ 71 
RAILHL *72 
RAILHL *73 
RAILHL *7* 
RAILHL *75 
RAILHL *76 
RAILHL 477 
RAILHL 478 
RAILHL 479 
RAILHL *flO 

RAILHL *81 
RAILHL *82 
RAILHL *83 
RAILHL *H4 
RAILHL 495 
RAILHL 486 
RAILHL 487 
RAILHL 498 
RAILHL *89 
RAILHL *90 
RAILHL *91 
RAILHL *92 
RAILHL *93 
RAILHL *9* 
RAILHL *95 
RAILHL *96 
RAILHL *97 
RAILHL «98 
RAILHL 499 
RAILHL 500 
RAILHL 501 
RAILHL 502 
RAILHL 503 
RAILHL 50* 
RAILHL 505 
RAILHL 506 
RAILHL 507 
RAILHL 508 
RAILHL 509 
RAILHL 510 
RAILHL 511 
RAILHL 512 
RAILHL 513 
RAILHL 51* 
RAILHL 515 
RAILHL 516 
RAILHL 517 
RAILHL 518 
RAILHL 519 
RAILHL 520 
RAILHL 521 

1 

1 

i 
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COLET«  FOOTRAN   1.3  •   *UTO  9FL   •   (07-J2-7ZI «AILHL 

i 

i 
\ 

i 
i 
i 

001677 
001702 

oom* 
001706 

001707 
001711 
001713 
001716 
001720 
001722 
00172* 
001726 
001730 
001732 
001733 
0ei73<. 
0017*0 
0017*0 
0017*1 
•FOLLOW 
NTWIICK 
LTR4IN 
LTBUCK 
IFILO 
LIFILO 
LMBO* 
LLTPUK 
LNTO»N 
LMTRUK 
IMOVE 
JMETH 
XI 

XOE. 
PC 
NVEHCL 
LVEHCL 
LLVHCL 
LNVHCL 
JMOVE 
IMETM 
XE 
PR 

700 TTOPill « TTOP(l) ♦ OELTAT 
T50 CONTINUE 

IS ANOTHER ITERATION REQUIRED FOR THIS OT 

NTTEB » NITEP - 1 
IF !NITEB.r.E.O) GOTO 360 

UPDATE /NEKWRK/ 
900 DO 920 J= l.NTPAIN 

LTST*T(J.l» = IST4TEU.I» 
FT5TAT(J.2I = ST»TE(J.21 
FTSTAT(J.3) * 5TATEIJ.3I 
FTSTATCJ.*) r STATE(J.4I 
LKSTOPU) » JSTOP(J) 
FTFC(J) = TTFCUl 
nnpiji t TTr)P(j) 

920 CONTINUE 
LL5TOP s ISTOP 

999 BFTUON 
1000 PRINT 1010 
1010 FOPMAT (20H0IMPOSSIRLE PATHS        ) 

CALL EXIT 
ENC) 

ING VARIARLES EOUIVALENCED BUT NOT REFERENCED 

07/25/72 

RAILML S22 
RAILHL 523 
HA1LHL 52* 
RAILHL 525 
HAILHL 526 
RAILHL 527 
RAILHL 528 
RAILHL 529 
RAILHL 530 
RAILHL 531 
RAILHL 532 
RAILHL 533 
RAILHL 53<t 
RAILHL 535 
RAILHL 536 
RAILHL 537 
RAILHL 538 
RAILHL 539 
RAILHL 540 
RAILHL 5*1 
RAILHL 5*2 
RAILHL 543 
RAILHL 5*4 
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M. FUNCTION CUBIC 

COLFT»  FOffJOkH   1,3  •   *UTO RFL   •   (07-l?-7Z) 

000006 
000010 
000017 
0000?1 
000023 
080a?6 
000030 
00303? 
000033 
000034 
000041 
000046 
ooooso 
0000S4 
000057 
000063 
000063 

FUNCTION CUBIC U.S.C) 

THIS FUNCTION FINOS THE FIRST BE»L BOOT Of A CUBIC 
FQUtTION OF FORM X»»3 * AX**2 • SX * C • 0 
USING C*ROAN*S SOLUTION 

R • ( (»•*) / 3.) 
(?. • (»/3>»»J» - (*»B/3.) 
P/3. 

P ■ 
0 • 
T » 
U « 0/2. 
OL « T»T»T • U»U 
T » SORT(OL) 
U « -U 
EX ■ I./3. 
B»S = U ♦ T 
»L « UBSIBASM •• EX 
IF   (B«S   .LT.  0.)   *L  ■  -AL 
B»S   ■  U  -  T 
BL   ■   (*BS(6*SII   ••  EX 
IF   (PAS   .LT.  0.1   BL  ■ -BL 
CUBIC  ■   AL   •  BL  -   (A/3.1 
RETURN 
END 

♦ C 

07/?S/72 

CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC 
CUBIC to 
CUBIC It 
CUBIC 22 
CUBIC 23 
CUBIC 24 

1 

D 
i 
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N. SUBROUTINE ADDTRN(l) 

COLETA Frm»«N 1.3 • *UT0 PPL • (07-l?-7?) 

000003 

000001 

400003 

000003 
000003 

000003 

000003 
000003 

000003 

000003 
000003 
000003 
000003 
ooeooi 
000903 
000003 
000003 
000005 
000007 
000017 
000017 
009031 
000023 

0000?* 

00002« 
0O0OJ0 

SUBROUTINE AnnTBN (I) 

FLEMFNT - MiTFRMLS HiNDLlNG 
GFNCAL PROCESS - CONVFNTIONAL RAIL SYSTEM 
ACTIVITY - TRAIN INSFPTIDN INTO SYSTFM FROH OISCHARGF AREA 

(SIN8LE TRACK SYSTEMS» 

INSERT COMMON 
COHHON /KHFFl S/ *Fi»f,AMA>,AHA»L.AMlNL.BSLtCARCAP,CP.OF.nF.OTAS 

1, OlMA.OTUtELtFCtEP.rT.MPA.HPEA.HPEV.HPrAtHPFV.HPVtlOCOfMC.ML 
2, NCARSiNPOTNT.MTDtNTM.NTMAX.XP.NTMILP.NTMLPP.NTRACKtSl 
3, TC'.ISVX(?0».TCliRVY(?0)ir«AINT.TyFtVO.VS.VF.VFtVMAX.WC.WL.XOS 
fc,      MAXLOiN IM| D.LOUEiOUCfWUC »STATUS (36) .WHY (2<i» .ML TYP.WMR.ECONEO« 
5       ErnNSS.FLOrn.rMUCKC.FrRACK.FSWITC.FUNLOA.FRMAIN.IIRORF. 
ft        ISW(?S).NTINIT.fCCV.THCV 

COMMON   /OLOCriM/   IFIL0.KST0P(?5) .KIINLO.LSTOP.LVFHCL.NPVRY.NSWCH 
1, NTHOA.MVEHCUNUMSWT 1 SWITCH(?0) .TFC(2S).TOP(?S) .TSTAK?1;.*» 
2. UTIMEI?"^) .lOAriB,MIJKOT.XGS.IF)(CA.MGS(5) .MCV.MF   AGC.DUMMY (20) 

COMMON   /NFwCOM/   LIFILn.LKSTOP^S) .LKIINLO.LLSTOP.    .VHCL.LNRYiY 
1. LN'-,WCH,LNTPOA.LNVHrL.LNMSWT.FSWTCH(201«FTFC(25».FTOP(?5) 
2. rTSTAT(25«4»»FUT|MC»85l .LLOAOR.LMUKOT.FXGS.LIFXCA.LMGSIS) 
3. LMCV.l.MFLAC.FnüMMYn")» 

01 MESS I ON   rO«'OLril?60>.COMNEW(260) .LTSTAT(25«4>.ITSTAT(25.*) 
EOUIVALFNT   (NVEHrL.NTRAIN.NTRIJCK), (LVEHCL.LTRAIN.LTRUCK) 

1. (COMUf. .IFILO) .(rOMsFW.LIFILO.IFILLO) . (NTDA.LNTRDA) 
2. (FT^TAT.LTST4T).(TST*T.irsTAT) 
3. (LLVMCI..LI TBAN.LLTPIIK). (LNVMCL.LNTRAN.LNTRUKI 
COMMON /ALL   / «T.STR.IA.RQO.CS.TAMR.FLOW.IFLAG 

1, AT.O.F.SK.T.OT.X.PP.XMAK.TMAX.OX.DV.TPRINT.DTPRNT.IMOVE.JMETH 
2, TSwFT.RFPORT.OPPCT.TO.XO.xniSCH.ICHNG.KCHNG.TCHNO 
FOUI VALENCE (JMOVF.IMOVE».(IMETH,JMETH) 
COMMON/MONFY/ JMMHM.OJM.OJMMH.DJMRO.DJMBMMtOMAINTtOJMRM.OJHGS 

1. PMr,S, JMCV.OJMEC.PDPLAN.HPLANT.r.SPLAN 
2. FCPLAN.mTIMF.HTlMF^.GSTIMr.ErTIME 
COMMON/PE^FRU/ RDUTIM.PonTIM.iJMHTIM.DMMTIM.CSUTIM.GSDTIM.ECUTlM 

1.  FCOTIM.OOAY.GAOV.GFNO.GBEr, 
COMMCN/LAOiP/ POMFNtlO.2».HMFN{10.2i2).GSMENI10»2».ECMENI10t2) 
REAL JMMnH.LP.LOq.LRIT.LBURN.LSTEEL.JMCV 
OIMFNSTON Of«) 
EOUIVALENCF (O.XT).(XE.XOE).(PR.PC) 
DATA LEND /0/ 
DIMENSION IOHFUE (251 
DATA lOUFuE /?S«0/ 
MLFLS = SL / ?. 
IF (I.l.E.LNTPAN) GOTO 100 
PRINT 50. I.LNTRAN 

50 FORMAT (2SH •••REQUEST TO ADO TRAIN .T3.19H ICSCREO. NTRAIN ■ iI2) 
GO TO <)00 

100 IE (LEND ,LE, 0) GO TO 300 
IF (IQUEUEMl - I) 600.300.600 

C NO TRAIN PRECEDING TRAIN I IN LOADING AREA 

300 CONTINUE 
C IS THERE * TRAIN IN SWITCH 1 

IF (NilMSWT.GT.l) GOTO 310 
IF (NllMLD-MAXLD) <.10.600.600 

ADDTRN 2 
ADDTRN 3 
ADDTRN 4 
ADDTRN 5 
ADDTRN 6 
ADDTRN 7 
ADDTRN 8 
ADDTRN 9 
WHEELS 2 
WHFELS 3 
WHEELS % 
WHEELS 5 
WHFELS 6 
WHFELS 7 
WHEELS | 
WHFELS 9 
WHEELS 10 
WHEELS 11 
WHEELS I? 
WHEELS 13 
WHEELS U 
WHEELS 15 
WHFELS 16 
WHEELS 17 
WHEELS IS 
WHFELS 19 
WHEELS 20 
ALL 2 
ALL 3 
ALL k 
ALL 5 
ALL 6 
ALL 7 
ALL 8 
ALL 9 
ALL 10 
ALL 11 
ALL 12 
ALL 13 
ALL U 
ADDTRN 12 
ADDTRN 13 
ADDTRN U 
ADDTRN IS 
ADDTRN 16 
ADDTRN 17 
ADDTRN 18 
ADDTRN 19 
ADDTRN 20 
ADOTRN 21 
ADDTRN 22 
ADOTRN 23 
ADDTRN 2« 
ADDTRN 25 
AOOTRN 26 

VI-91 



GOLETA roBTRAN 1.3 • *UTO PFL • (07-12-7?! AOOTRN 

000033 
000033 
000035 
000037 
000040 
0000't? 
090045 

000047 
0000S1 
00005S 
003060 

oooo&o 
000062 
000064 
000070 
000071 

000107 
c 

000112 
000U4 
000115 
000117 
000120 
00012? 
000123 
000124 
000126 
000130 
000132 
000133 

C 
000134 
ooon*. 
000137 
000141 
00014? 
000144 
000146 
000150 
0001S2 
000152 
0001S3 
•rOLLOWI«JG 
NTUUCK 
nR»iN 
LTSUCK 
iriLO 
LiriLO 
IF1ULO 
LNT90» 
LLTHAN 
LLTRUK 

110 CONTINUE 
RMAXs 5W1TCH(1) • HLfLS 
RWIN= SWlTTHd) - HLFLS 
00 400 Kil.NTRAIN 
XWRK ■ TST*T(K.2) 
IT (XWRK .GT, RM»X) GO TO *00 
IF (XWRK .LT. RMINI GO TO *00 

IWRK ■ ITST*T(K«I) 
IF (IWRK • (IWRK-6» 

400 COMTINUE 
«10 CONTINUE 

TRAIN K IS IN SWITCH 1 

• (IWRK-9) ,EO. 0 I GO TO 600 

IS THERE * TWAIN IN 1ST SEGMENT OF TRACK 
HLFLS RHAX = SWITCHMl 

00 500 Krl.NTfiAIN 
IF (TSTAT(K,2» .OT. RMAX) GO TO SCO 

IF (IWRK • (IWRK-6) • UWRK-l» • JIWRK-3) • MWBK-5) • (IWRK-7> 

500 CONTINUE 
.EQ. 0 )  GO TO 600 

NEW TRAIN MAY PROCEED 
LTSTATdtl) ■ ? 
FT5TAT(I»2) • 0. 
FTSTAT(1.3) • VO 
LKSTOPd) 
IF (lOlJFUF(l) 
FTSTAT(I.3) 
LFSO « I.EMO 
00 550 J=l.LFNO 
IOUEUE(J> ■ I0UEUE«J»J» 

550 CONTINUE 
I0UE1JE(LEN0M> • 0 
GO TO 400 

NEW TRAIN CAN'T PROCEED 
SOO LTSTATdtl) *   10 

FUTIMrd) « 0. 
IF (LFMO .Lt.O) 00 TO 670 
00 650 J»l.LENO 
IF dOl)EUE(J) .EO. II GO TO 900 

650 CONTINUE 
670 LFNO = LEND • I 

lOUEUF(LENO) ■ I 
900 COMTIMUE 

RETURN 
CNO 

VARIABLES EQUIVALENCEO BUT NOT REFERENCED 

.NE.   II   GO TO 900 
0. 
I 

07/25/72 

AOmRN 27 
AODTRN 28 
ADOTRN 29 
AOOTRN 30 
AOMRN 31 
AOOTRN 32 
AOflTRN 33 
ADOTRN 3* 
AODTRN 35 
AOOTRN 36 
AOOTRN 37 
AOOTRN 31 
AOOTRN 39 
AOOTRN «0 
AOOTRN «1 
AOOTRN «2 
ADOTRN 43 
AOOTRN «* 
AOOTRN 45 
AOOTRN 46 
AOOTRN *7 
ADOTRN «a 
AOOTRN 49 
AOOTRN SO 
AOOTRN 51 
AOOTRN 52 
AOOTRN 53 
AOOTRN 54 
AOOTRN 55 
AOOTRN 56 
AOOTRN 57 
AODTRN SB 
ADOTRN 59 
AOOTRN 60 
AOOTRN 61 
AOOTRN 62 
AOOTRN 63 
ADOTRN 64 
AOOTRN 65 
AOOTRN 66 
AOOTRN 67 
AODTRN 68 
AODTRN 69 
ADOTRN 70 
AOOTRN 71 

1 

1 

1 

1 

1 

1 

1 

i 
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LNTRUK 
IMOVE 
JMETH 
XT 
XOC 
PC 
NVEMCL 
LVEHCL 
NTO* 
LLVHCL 
LNVHCt 
JMOVE 
IMETM 
XE 
PR 
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0. SUBROUTINE RAILDS 1 
GOUET* r0PTR*N 1.3 • «UTO RFL • (07-l?-72» 

000002 

000002 

000002 

000002 
000002 

000J02 

000002 
000002 

000002 

000002 
000002 
000002 
000002 
000002 
000002 
000002 
000007 

000011 
000012 
ooom 
000016 
000017 

000021 
000022 
000023 
000026 
000031 

50 
100 

SURROUTINF   RAILOS 

ELFMFNT   -   MATFRI«LS  MANOLINfi 
r,FNFB*L   PROCESS  -  CONVENTIONAL   RML  SYSTEM 
ACTIVITY   -  UNLOAD  «UCK   AT   OISCHARGE  POINT 
TFCHNIOUF   -  SEVERALt   OEPFNOING  ON  NTD  AND  OTU 

INSERT   COHMO») 
COXHON   /WHFELS/   AF.AF,AMAX,AMAXL.AHINL«BSL.CARCAP,CP.nE.OFiDTAS 

1»     DTMA.DTU.FLtFC.FR.FT.HOA.HPFA.MPEVtHPFAtMPFV.HPV.LOCO.MCiML 
2.     NCARS.NPOJNT.NTOfNTH.NTMAX.XPtNTMRP.NTILPP.NTRACKtSL 
3i     TCURVX(?0) .TCURVY(20)iTMAtNT.TWE.VO.VSiVEtVF.V,<AX,l*CtWL.XOS 
<..     H»XL0.NliMLn,L0UE.0UC.WUC.STATMS(361.WHY(2<.).MLTYP.tfMR.FC0NE0. 
5 ECONSStELOCO.EHUCKCiETRACK.ESWlTC.CUNLOAiERMAIN.IIBORFt 
6 1SW(25).NT1NIT,TCCV.TMCV 
COMMON /OLDCOM/ IFILD.KST0P«25».KUNL0iLST0PtLVEHCL.NBYRY.NSWCH 

1. NTROA.NVEMCL.N'liMSWT.SWITCH (20).TEC <25). TOP (7S).TSTAT (?■!,«) 
2. UTI"E(2S).LOAOR.MUKOT.XGS.IFXC«.MGSf5).MCV.MFLAGC.DIJM»4Y(20» 

COMMON   /NFWCOM/  LIFILD.LKSTOPI2S).LKUNLO.LLSTOP.LLVMCLiLNflYBV 
It     LNSWCH.LNTROA.LNVMCLfLNMSWTiFSWTCH(20)»rTFC(25».rTOP(25» 
2.     FTSTAT<2S,<.>.FliTlMF(25),LL0A0R.LMUK0T.rXGSiLIEXCAfLM0S<5l 
3i     LMrV.LMFLAC.FDHMMY(l'J) 

DIMENSION   CnMOLO(260).CCMNEW(260I.LTSTAT(25t*» tITSTAT(25»«» 
EOUIVALENCF   (NVEwCL.NTRAIN.NTRUCK).(LVEHCLiLTRAIN.LTRUCK» 

li     (rOMOLn.IFILO).(COMNEW.LIFILO.IFILLO»»(NTOAtLNTROA) 
2. (FTSTAT.LTSTAT).(TSTAT.ITSTAT> 
3. (LLVHCLiLLTRAS'.LLTRUK). tLNVHCL.LNTRANtLNTRUK» 
COMMON /ALL   / XT.STR.IA.ROD.CS.TAMfl.FLOWiIFLAO 

1. AT.n.C.SK,T.DT,X.PR.XMAX.TMAX.OX.OV.TPRINTtOTPRNT.lHOVe»JMETH 
2. TSHFT.RFPnRT.OPPCT.TO.XO.XDISCHiICHNOtXCMNG.TCHNG 

EOU1VALENCE   (JMOVF.IMOVEl.dMETHtJMETH) 
COMMON/MONEY/ JMWHM.OJM.DJMMHtDJMRD.DJMSMM.DMAINTfOJMBM.OJMGS 

1. PMr.S.JMCV,OJMEC»RDPLAN.HPLANT.GSPLAN 
2. ECPLAN.R0TIME.HTIMF(2).GSTIMF.ECTIHE 

COMMOS/PERFRM/   HPUTIM.RDnTIM.IiKHTIM.nMHTIMtGSUTIM.GSOTIM.CCUTTM 
1.     ECnTIM.COAYtGAOV.GENO.GBEG 

COMMON/LAniR/   RnMFN(10,?».HMEN(10.2»2)tGSMENU0.2».£CMEN(10.2» 
RF«L   JWHH.LD.LOB.LBIT.LBURN.LSTEELfJMCV 
DIMENSION   G(R) 
EOUIVALENCE (G.XT>«<XE.XOE>t(PR.PC» 
EOUIVALENCE (LNTROAtNCOUNT) 
DATA INITDS /O/ 
ENTRY TRUKOS 
IF (INITDS .EO. I)  GO TO 100 

INITIALIZE 
INITDS ■ I 
DO 50 I«1.2S 
UTIMFdl « OTU 
CONTINUE 
IE (KUNLO .EO. 1) GO 

NCOUNT » 0 
DO 500  I»1.NTRA1N 
IF (ITSTATII.I» .NE. 
FUTUfd) ■ UTIMEdl 
NCOUNT ■ NCOUNT ♦ I 

TO 800 
UPDATE TIMES FOR TRAINS UNLOADING 

10» GO 
- OT 

TO 500 

07/25/72 

RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
yMFELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
WHEELS 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
*LL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RATLOS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 

1 

D 
D 

i 
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COUTA  FORTRAN   1.3   •  *UT0  RFL   •   (07-12-72) RAILOS 

I 
I 
1 
I 
1 
1 
I 
1 
I 
I 
I 
I 
I 

•9003? 
000036 
0000*0 
000041 
0000*2 
ooeo** 

c 
eooo*T 
ooeosi 
O00OS3 
O000S6 
000060 
000061 
000062 
000063 
00006* 
000072 
000072 
000073 
00007* 
•FOLLOWIMO 
NTRUCK 
LT»AIN 
LTRUCK 
into 
iriuo 
LNTROA 
LLTBAN 
LLTBUK 
LNTRAN 
LNTRUK 
IMOVE 
JMETM 
XT 
Mt 
PC 
NWEMCL 
LVEHCL 
NTOA 
LLVHCL 
LNVHCL 
JHOVE 
I«ETH 
XE 

(FUTIMF(I) .GT, 0.» GO TO 500 
(NTRACK .FO. 1) GO TO 300 

400tSOOt*00 
TRAIN HAS BEEN ADDED 

ir 
IF 
LTSTATUtll = 2 
GO TO *00 

300 CALL ADDTRN(I) 
IF (LTSTATd.l) •■ 101 

*00 NCOUNT '   NCOlINT - 1 
FUTlHfd) » OTU 

500 CONTINUE 
IF (NCOUNT 

600 LtFILO = 0 
GO TO 800 

620 LIFILO • 1 
GO TO 800 

6*0 PRINT 6*5 t NCOUNT 
6*5 FORMAT (*5H0TOO MANY TRAINS IN DISCHARGE AREA. NCOUNT ■ »IS) 

CALL FX1T 
800 RETURN 

END 
VARIABLES EOUIVALENCED BUT NOT REFERENCED 

NTD)     600.620f6*0 
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RATLOS 
RAILOS 
RAIUDS 
RAILOS 
RAILDS 
RAILOS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILDS 
RAILOS 
RAILOS 
RAILDS 
RAILDS 
RAILDS ** 
RAILDS 45 
RAILDS 46 
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p. SUBROUTINE RAILEX 

GOLET» rOBT»*N 1.3 • «UTO BFL • 107-12-72» 

000002 

000002 

000002 

000002 
000002 

000002 

000002 
000002 

000002 

000002 
000002 
000002 
000002 
000002 

000002 
0C0002 
000002 
000002 
000002 
000002 

000002 
000007 
C00010 

ooöMt 

SUBROUTINE RAlLfX 

ELEMENT - MATERIALS HANDLING 
GENERAL PROCESS - CONVENTIONAL RAIL SYSTEM 
ACTIVITY - SYSTEM EXTENSION 
TECHNIQUE - SINGLE TRACK PLACED AHEAD OF CALIF. SWITCH 

INSERT COMMON 
COMMON /WHEELS/ AFiAF.AMAX.AMAXLiAMINLfnSL<CAPCAP.CPtDF«OFtDTAS 

!•  OTMA.OTU.FL.FC.FR.FTtHPA.HPFAtHPEV.HPFAtHPFViMPV.LOCOiMCiML 
2. NrARStNPOTNT.NTDiNTMiNTMAXtXP.NTMILPfNTMLPPtNTRACK.SL 
3. TCuRVX(20)>TCURVY(20)iTMAINTiTWEtVI)tVSfVEtVFtVMAXlWCtWLtXnS 
4. MAXLOiNUMLDfLOUE'OUCtHUCtSTATUS<36>tHHY(2*»«MLTYPtWMR.ECONEOt 
5 ECONSS.ELOCO.fUCKr.ETRACK.ESWITCtEUNLOA.EPMAIN.IinORE. 
6 ISW(2S».NTI>IIT.TCrv.TMCV 

COMMON  /OI.OCOM/   IFIL0.KST0P(25)iKUNL0.LST0P.LVEHrLtNflYBY.NS«CM 
1. NTPnA.NVEHCLiNUMSWTiSWITCH(20»tTFC(25)fT0P(25ltTSTAT(?5f*l 
2. iJTIME(?S».LOAOR.HUKOTiXGS.IEXCA.MGS(5)fMCVtMFLAGC.OUMMVI20» 

COMMON  /NEWCnM/  LIFlL0iLKST0P125).LKUNL0iLLST0P.LLVHrLtLNRYBY 
It     LNSWCH.LNTRnAiLNVHCL»LNMS«TiFSWTCH(20»iFTFC(25)tFTOP(25» 
2t     FTSTAT(2S,<.).FllTIHF(2Sl>LL0ADR.LMUK0TtFXGStLIEXrA,LMGS(5> 
3t     LMCV.LMFLAC.F0I)MMY(19I 

DIMENSION  COMOLO(,?60)tCOMNEW(260)tLTSTAT(25»*)tITSTAT(25t«» 
EQUIVALENCE   (NVEHCL.NTBAIN.NTPUnO .(LVEHCLiLTRAINiLTPUCK) 

It      (COMOLO.lFILn).(COMNEW.LIFILOtIFILLO>t<NTnA,LNTRDAI 
2. <FTSTAT,LTSTAT».(TSTATtITSTAT) 
3. (LLVHCl.Ll.T'JAN.LLTRUK), (LNVHCL.LNTRANtLNTRUK» 
COMMON /ALL   / XT.STB.IA.ROntCS.TAMR.FLOWiIFLAG 

1. AT.O.FtSK.T.nTiX.PRiXM*XiTMAX.nX.nV.TPRlNT.OTPRNTtIMOVE»JMETM 
2. TSHFT.REPORT»OPPCT.TO.«O.XniSCH.ICHNGtXCHNGtTCHNG 

EQUIVALENCE   (JMOVE.IMOVEI.(IMFTH.JMETH) 
COMMON/MONEY/   JMMHM.D.IM.OJHMH.OJMRn«DJMBMMtDMAINT«DJHBMtDJMOS 

I«     PMr,S.JMCV,njMEC«RDOLAN.HPLANT,r,SPLAN 
2.     ECPLAN.RDTIMFtHlIME(2).GSTIME.ECTIME 

COMMON/PERFRu/  ROUTIM.RDOTIM.UMMTIM.DMHTlMtGSUTlM.GSOTIM.ECUTIM 
1.      ECnTIM.CnAY.GADV.GFNO.GPEG 

COMMON/LAROR/   ROMFN(Int2l«HMEN«10.2.2)tGSMEN(I0t?itECHEN(I0t2l 
RFAL  JMMHM.Ln.LnHtLHIT.LBURN.LSTEELtJMCV 
DIMENSION  G(«) 
EQUIVALENCE (G.XT)««XE.XOE»t(PR.PC) 
COMMON /CONVEY/    ACM.OTBStOWMiECiFLtHPtOCtSMIN.MBI 

1.  WP.llLF,NSuRGE.OE.0P,SM.0TCe.OTMR.AS»VBI.NEX0N,NGEOtXE.LNSUR6. 
2  STIME.OOMP.DTMItDTMO 
DATA ILA /0./ 
DATA DTE /0./ 
DATA DTS /0./ 
DATA NEEDIN /0/ 
DATA S /0./ 
DATA INITEX /0/ 

INITIALI7E 
ENTRY TRUKEX 

100 INITEX ■ 1 
IF IXDE • XDS • BSL .GT.O.) GOTO 200 

OPTION 2  (TEMPORARY VALUES) 
XOE ■ 5. 
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RAILEX 2 
RAILEX 3 
RAILEX 4 
RAILEX 5 
RAILEX 6 
RAILEX 7 
RAILEX 8 
RAILEX 9 
«HEELS 2 
WHEELS 3 
WHEELS 4 
WHEELS 5 
WHEELS 6 
WHEELS 7 
WHEELS B 
WHEELS 9 
WHEELS 10 
WHEELS 11 
WHEELS 12 
WHEELS 13 
WHEELS 14 
WHEELS 15 
WHEELS 16 
WHEELS 17 
WHEELS 18 
WHEELS 19 
WHEELS 20 
ALL 2 
ALL 3 
ALL 4 
*Lt 5 
ALL 6 
ALL 7 
ALL 8 
ALL 9 
ALL 10 
ALL 11 
ALL 12 
»LL 13 
ALL 14 
■ELTS 2 
UP0A7 1 
UPDA7 2 
RAILEX 13 
RAILEX 14 
RAILEX 15 
RAILEX 16 
RAILEX 17 
RAILEX 18 
RAILEX 19 
RAILEX 20 
RAILEX 21 
RAILEX 22 
RAILEX 23 
RAILEX 24 

D 
1 

"I 

1 

1 

1 

1 

i 
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OOLET« ro9TB*N 1.3 • *UTO RFL • (07-I?-7?> »»ILfX 

0090:5 
009016 

900017 
000922 
990025 
099926 
099027 
0000*0 

099940 
0090*2 
0900*3 

09Ö0** 
000051 

009066 
999069 
999061 
000062 
00006* 
909066 
999967 

000071 
00907* 
000076 
OdOlOO 
900101 
000102 
000103 
000103 
00010* 

099195 
900119 
900113 

000I1S 
000116 
000121 
000123 
00012* 
000125 
099131 
000131 
00013* 

000136 
090137 
9991*1 
0001** 

XOS « 3. 
B5L *  52fi0. 

ROTH OPTIONS MERE 
200 IT (NTR*CK .FO. 21 F.r,L * 0 

m«MINL .EO. *M*XL) *L*s*MINL 
MOUMMY *   0 
NHrBY = 0 
»PINT ?0S, xnE.XOSiRSL 

205 FORMAT OOMOOAIL FXTENSION - EXT. RATE ■  18,2t 
U  20H SWITCH MOVE RATE «  Ffi.2, 
2  29H niSTANCE RETWEEN SWITCHES »  FB.2) 

WAS CALL FOR INITIALIZATION ONLY 
900.900<2IO 

210 
IF (NFFDIN) 
NFEOIN » 0 
GO TO 270 

ENTRY RAILXT 
ENTRY TRUKXT 

250 

270 

300 

310 

320 
330 

359 

NORMAL ENTRY AFTER FIRST CALL 

HAS INITIALIZATION SEEN DONE 
250i250i270 IF (JNITEXI 

NEEOIN » 1 
GO TO 100 
IF (SEXON .EO. I) CO TO 950 
NSWTCH ■ NSWCH 
IF (NSWTCH) 100.300t530 
IF (NGEO .EO. 1) GO TO 350 

IF (DTE .FO. 0.)  DTE 
DTE » DTE - DT 
ALA '   ALA • nx 
IF (DTE) 310,310.320 
LNflYRY = 0 
OTE » 0 
GO TO 330 
LN8YRY = I 
GO TO *50 

CYCLIC OPERATIONS GEOHETRY 
■ OX / XDE 

ALA = ALA » (XOE • OTl 
S » S • OX - (XDF • OTl 
IF (S .GT. 0» GO TO *00 

CONTINUOUS OPERATION 

EXTENSION HAS CAUGHT EXCAVATOR 
OT 

XWPK • 
XWRK 

OX 

*00 

*20 
*50 

SM) LNflVRY » 1 

XWRK c XOF 
ALA I ALA 
S « S - OX 
GO TO 450 
LNRYRY = 0 
IF (S .GE. 
CONTINUE 
IF (NSWTCH .GT. 0> GO TO 530 
IF (ALA .LT. AMAXLt GO TO 750 
IS SWITCH TO Rf ADDFn 

IF (RSL.EO. 0» GO TO 510 
IF (NUMSWT .FO. 11 GO TO *70 
XWRK ■ SWITCH(NUMSWTl - SWITCHCNUMSWT - I) 
IF(XWRK-8SL-SLI 510.*90,*99 

RAILEX 25 
RAILEX 26 
RAILEX 2T 
RAILEX 28 
RAILEX 29 
RAILEX 39 
RAILEX 31 
RAILEX 32 
RAILEX 33 
RAILEX 3* 
RAILEX 35 
RAILEX 36 
RAILEX 37 
RAILEX 38 
RAILEX 39 
RAILEX *0 
RAILEX 41 
RAILEX 42 
RAILEX 43 
RAILEX 44 
RAILEX 45 
RAILEX 46 
RAILEX 47 
RAILEX 48 
RAILEX 49 
RAILEX SO 
RAILEX 51 
RAILEX 52 
RAILEX 53 
RAILEX 54 
RAILEX 55 
RATLEX 56 
RAILEX 57 
RAILEX 58 
RAILE« 59 
RAILEX 60 
RAILEX 61 
RAILEX 62 
RAILEX 63 
RAILEX 64 
RAILEX 65 
RAILEX 66 
RAILEX 67 
RAILEX 68 
RAILEX 69 
RAILEX 70 
RAILEX 71 
RAILEX 72 
RAILEX 73 
RAILEX 74 
RAILEX 75 
RAILEX 76 
RAILEX 77 
RAILEX 78 
RAILEX 79 
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GOLET* FOOTPAN 1.3 • »UTO RFL • «07-1P-7?) B*ILfX 

000KT 
0001S5 
COClSfi 
000157 
000160 
000160 

00016? 
000163 
000166 
000167 
0 00171 
009173 
oooin 
00317^ 
000175 
000176 
000200 
000?03 
000?0<. 

C00?21 
00022* 
000?2<. 
000231 
C00232 

000250 
000253 

000253 
00025« 
000256 
000257 
000260 
000262 

000263 
00026« 
000255 
0002^.5 
000270 
000272 

000275 
000300 
000301 
000303 
003305 
000306 
000307 
000317 
000-«22 

000325 

«.70 
(,90 

510 
530 
550 

600 

IFI5WTTCH(NUMSWT» -SSL-SL-XDISCH) 510.««»O.«90 
M5WTCH = I 
GO TO 530 
N5KTCH = 2 
CONfINUE 
IF <N5WTCH .ff}. 1)  GO TO 650 

PUSH SWITCH FOR«*BD 
IF (OTS .NF. 0.) GO TO 600 
OTS i (AHAXL - AMINL) / XOS 
LNRrRY = 0 
DTS -   OTS - OT 
IF (DTS .GT. 0.1  GO TO 750 
DTS = 0. 
N^WTCH = 0 
LNRYRY s 0 
AL* = AMINL 
IF(AMAXL .NE. AMINL) GO TO 620 
F'-,WTCH(NUMSWT1 rSWITCH(NUMSMTl«DX 
DO 605 K=l,NTRAIN 
IF((><<;TnP(K) .GE. 100) .OR. (K5T0P(K) .EO. I)) FTSTAT (K.,?) ■ 

l»2)»OX 
605 CONTINUE 

GO   TO   740 
620   rSi<TrM(NUMSWT)=SylTCM(NUMSWT)»AMAXL-»MINL 

DO 610 K=1,NTRAIN 
ir((KSTOP(K) .GE. 100) .OB. (KSTOP(K) .EO. 1)> FTSTAT«K,?) ■ 

1,?).A"AXL-AMINL 
CONTINUE 
GO TO 750 

AOO NEW SWITCH 
IF( OTS) 700.672.700 
OTS-DTAS 
N^WTCH»! 
LNRYfiY = 0 
OTS » OTS - OT 
IF (DTS) 710,710.750 

NEW SWITCH HAS BEEN AOOEO 
DTS = 0. 
N^WTCH = 0 
LNRYRY = 0 

610 

650 
672 

700 

710 

750 

770 

820 

LNHSWT = NUMSWT ♦ 1 
FSWTrw(LNMSWT)iSWITCH(NUMSWT) 
FSWTCH(NUMSWT)=SWITCH(NUMSWT)-SL 

MUST NEW TRAIN BE ADDED 
xwPK=(x-xnisrH)/5?80. 

IF (XWPK'.LE. XP) CO TO 770 
XI = XP/52flO. 
YMPK ■ XWRK - XI 
xwax s XI 
NTFIT=NTINIT.NTMILP*XWPK»NTMLPP»yWRK 
IF (NTFIT ,GT. NTMAX) NTFIT « NTMAX 
IF (NTFIT - MTRAIN) 900.900.B20 

NEW TRAIN MUST BE ADDED 
IF (IFILLD .FO. 1) GO TO 900 
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RAtLEX BO 
PAILFX at 
RAILEX 82 
RAILFX 83 
RAILFX 8« 
RAILEX 85 
RAILFX 86 
RAILEX 87 
RAILEX 88 
RAILEX 89 
RATLEX 90 
RAILEX 91 
RAILEX 92 
RAILEX 93 
RAILEX 94 
RAILEX 95 
RAILEX 96 
RAILEX 97 
RAILEX 98 

TSTATIK RAILFX 99 
RAILFX too 
RAILEX 101 
RAILEX 102 
RAILEX 103 
RAIIEX 10« 

TSTAT(K RAILFX 105 
RAILFX 106 
RATLEX 107 
RAILEX 108 
RAILFX 109 
RAILEX UO 
RAILFX 111 
RAILEX 112 
RAILEX 113 
RAILEX 11« 
RAI.EX 115 
RATLEX 116 
RAILEX nr 
RAILEX lit 
RAILEX 119 
RAILEX 120 
RAtLEX 121 
RAILFX 122 
RAILEX 123 
RAILFX 12« 
RAILEX 125 
RAILEX 126 
RAILEX 127 
RAILEX 128 
RAILEX 129 
RAILEX 130 
RAILEX 131 
RAILEX P2 
RAILEX 133 
RAtLEX 13« 

1 
1 
1 
1 
1 
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GOLFTA   FOPTRAN   1.3   •   »UTd   RFL   •    {07-l?-7?| PATLEX 

090 l?7 LMTRAN -   NTRAIM • 1 
000-)31 L » LNTRAN 
00033? FTSTATfL.«) = 0. 
000333 CALL AOOTRN(LI 
000335 IF (LTSTATa.l) - 101 <»00ifl70.900 
0003^.0 870 NTD* = NTOA . 1 
0003«.? IF (NTDA .GE. NTO) IFILLO » 1 
0003<.5 ^OO LNSWCH = NSWTCH 
0003Ä7 950 RETURN 
0003SO END 
•FOLLOWING VARIARLES EQUIVALEMCED BUT NOT REFERENCED 
NTRUCK 
LTRAIN 
LTRUCK 
IFILO 
LIFILD 
LMTRDA 
LUTRAN 
LLTOUK 
LMTRUK 
I«OVE 
JMETH 
XT 
PC 
NVEHfL 
LVEHCL 
LLVHCt 

l.NVMCL 
JMOVE 

IHETH 
tt 
PR 

07/?5/7Z 

RA1LEK 135 
RAILF< 136 
RAILFX 137 
RAILEX 138 
RAILEX n1» 
RAILEX 1*0 
RAILEX 1*J 
RAILEX 1*2 
RAILEX 1*3 
«*ILEX 14* 
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Q. SUBROUTINE RAILMT 

1 
GOLETA FORTBAN 1.3 • AUTO RrL • (07-l?-7?> 

SUBROUTINF RAILMT 

ELFMENT - MATFRIALS HANDLIMn 
GFNERAL PROCESS - CONVFNTIONAL RAIL SYSTEM 
ACTIVITY - GENERAL MAINTENANCE AND REPAIR OF LOCOMOTIVES • CAR 

INSERT COMMON 
000002 COMMON /WHFFLS/ 4FfAF.AMAX,AMAXLtAMINLtRSL.CARCAPtfPinEiDFtOTAS 

1. nTMA.nTU.FL.FC.FRtFTtHPA.HPFA.HPEV.HPFA.HPFV.MPVtLOCO.MCtML 
2, NCARStNPOINT.NTOtNTM.NTMAX.XP.NTMILPtNTMLPPtNTRACK.SL 
3, TCllPVX(?0).TCllPVY(20).TM»INT.TWF.vniVS.VEtVF,VM»X.WC.WLtI(nS 
4. HtXLD.NUMLntL0l)FtOur,WUC.STATllS(3'.!.WHY(2<.).MLTYP,WM»,ECONFO. 
5 ECONSS.ELOfO.FMUCKr.ETRACK.FSHIICtEUNLOA.ERMAIN.IIBOREt 
6 ISW(?S).NTINIT.TCCVtTMCV 

000002 COMMON /OLOCrM/ IFI1 D.KSTOP(?51.KUNLO.LSTOP.LVFHCL.NBYPY.NSWCH 
1, NTBnA.NVFHrL.NIIMSWT.S^ITCH(20I.TFC(2S)tTOP(?':.)>T5TAT(?5.*) 
2. UTIMF(?S).LO«PP.MUKOT,xr,SfIEXrA,Mr.S(5)>MCV.MF|.Ar,C,OUMMY(20» 

000002                       COMMON   /NFWCOM/  L IF ILO .LKSTOP (?S) .LKUNLO.LLSTOP.LLVHCL.LNBYIIV 
1. LNSWCH.LNTRnA.LNVHCLiLNMSWT>FSWTCM(20)«FTFC(2S),FTOP(?5) 
2. FTSTAT(?S.'.).FIlTIMF<?5) .LLOAPR.LMUKOT .FXGS tL IEXCA.LMGS (5> 
3. LuCV.LMrL«C,FDIlMMY(l<>) 

000002        DIMENSION CO«nLO(?60).COMNEW(?60>.LTSTAT(25«*).ITSTAT(25.*> 
000002 EOU3V4I ENCE (NVFHrL.NTRAIN.NTRUCK).(LVEHCL.LTRAIN.LTRUCK) 

1. (rO'OLO.IFIin).(COMNFW.LIFILO.IFILLD).(NTOA.LNTROA) 
2. (FTSTAT,I.VSTAT).(TSTAT.!TSTAT) 
3. (LLVHCL.LLTO»*;.LLTRIIK) . (LNVHCLtLNTRANtLNTRUK) 

000002                     COMMON   /ALI /   XT.STR.I&.ROO.CS.TAMR.FLOWtlFLAG 
It     AT.D.E.^K.T.nT.X.PR.XMAXiTKJX.DX.OVtTPRINT.OTPRNT.IMOVEtJMETH 
2.      TS^FT.f.rPnaTiOPPCT.TO.XO.XDISCH.ICHSG.XCHNG.TCHNG 

000002 FOJlViLENCF   (JMOVF i IMOVF).(IMFTH,J"ETH) 
Of 0002 CCMM^N/MONFY/   JMWHM.njx.OJM«H.DJMRn.njHBMM,OMAINTtDJMRM,DJMGS 

1, PMr.S. JMCV.DJMFCiRDPLAN.MPLANTtr.SPLAN 
2. ErPLAN.PtmMEtHTlMFf?) tGSTIMF.ECTIME 

000002 COMMON/PEPFRM/ RDUTIM.BQOTIM.UMHTIM.OMMTlMtGSUTIM.GSOTIM.ECUTIM 
1,  FrOTIM.CDAY.GAnv.GENOtGREG 

000002 COMMTi/LAROR/ ROMFN( 10.2) .MMFN( 10t2f2» »GSHENdOt?» tEf MCNUOtZ» 
000002 REAL (MMHM.Ln.LDBiLeiTtLBUHN.LSTEELtJMCV 
000002 DIMENSION GC) 
000002 EOUIVALENCE (G.XT)t(XE.XOF)•(PR.PC) 
000002 EQUIVALENCE (DTM.DTMA) 
000002 OATA NTM4 /0/ 
000002 DATA MTINIT /0/ 
000002 DIMENSION RTIME(25) 
000002 ENTRY TRDKMT 
000007 IF (MTINIT) 100tl00t200 

C FIRST CALL TO SUBROUTINE 
000011     100 IF ( TMAINT • JMMHM • OTM ,GT. 0. ) 60 TO  J50 

C «ERE FOR OPTION 2  IVALUES TEMPORARY) 

000015 TMAINT » 1.5 
000016 JMMHM > 100. 
000017 OTM « 20. 
000020     150 CONTINUE 
OOC020 MTINIT ■ 1 
PJOOai 00 170 I«lf25 
000v23 RTIME(I) ■ TMAINT 
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RAILMT 2 
RAILMT 3 
RAILMT 4 

RAILMT 5 
RAILMT 6 
RAILMT 7 
RAILMT e 
WHEELS 2 
WHEELS 3 
WHEELS 4 
WHFELS 5 
WHFELS 6 
WHFFLS 7 
WHFELS 8 
WHFELS 9 
WHFELS 10 
WHFELS 11 
WHFELS 12 
WHFELS 13 
WHFELS 14 
WHFELS 15 
WHFELS 16 
WHFELS 17 
WHEELS 18 
WHEELS 19 
WHFELS 20 
ALL 2 
ALL 3 
ALL 4 
ALL 5 
ALL 6 
ALL 7 
ALL 8 
ALL 9 
ALL 10 
ALL 11 
ALL 12 
ALL 13 
ALL l<t 
RAILMT 11 
RAILMT 12 
RAILMT 13 
RAILMT 14 
RAILMT 15 
RAILMT 16 
RAILMT 17 
PAILMT IS 
RAILMT 19 
RAILMT 20 
RAILMT 21 
RAILMT 22 
RAILMT 23 
RAILMT 2« 
RAILMT 25 
RAILMT 26 

1 
"! 

I 

1 
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GOLfT* roPTRAKJ 1,1 • »UTO PFL • (07-l?-7?» RAILMT 

0000?5 
000036 
000027 
OOOOM 

0000*1 
000042 

00004», 
000050 

c 
000052 
000055 

c 
OOCOftO 
000061 
000062 
000063 
000066 
000071 
000072 

C 
Of.0075 
OC0076 
CP0077 
000100 
00010? 
000104 
000105 
00C106 
o: o 111 
003113 
000116 
000117 
0001?? 
0001?? 
000132 
000132 
o;o;33 
•FOLLOWING 

NTiJuCK 
LTBAIN 
LTPL'CK 
IflLD 
iriLLO 
LNTPn* 
LLTPAN 

UTHU« 
LMTP»N 
LNTPUK 
IMOVE 
JMElH 
«I 

170 CONTIHUf 
NT<4A = 0 
PPINT 180. TMAINT. JMMHH. DTM 

1B0 FOPMAT (43H0O4tL HAINT. PARAMfTERS - TIME TO REPAIR ■ ,F«.2, 
21H COST OF MATFPIALS 
FB.? 1 

200 kJCOUNT 
DO 400 
IWPK ■ 

.F8.2.23M DAYS BETWEEN MAINT. 

IS IT TIME FOR MAINTENANCE 

I=I.STPAI^ 
ITSTAT(I.l) 

IF (IWPK .FQ. 11) GO TO 300 
IF (IWPK .NE. 10) GO TO 400 

TPAIS IS IN DISCHARGE AREA 
IF (TSTATd.i.) ,LT. OTM) GO TO 400 
IF (NTMA .GE. NTM) GO TO 400 

TRAIN I NEEDS MAINTENANCE 

300 

LTSTAT(I.l) = 
NTMA = NTHA . 
NTOA s NTDA - 
IF (NTOA .LT. NTO) LIFILD 
BTIMEIII • RTIME(I) - DT 
NCOUNT » NCOUNT ♦ 1 
IF (PTIMFdl.GT. 0.) 

11 
1 
1 
NTO) 

GO TO 400 
MAINTENANCE FINISHED 

IF (LIFILO .FO. 1 )  GO TO 400 
LTSTAT(I.l) s 10 
FTSTAT (1.4) • 0. 
DJUMM r 0J«HM ♦ JMMHM 
BTIHElIM TMAINT 
NTMA = NT«A - 1 
NTOA ■ NTOA ♦ 1 
IF (NTDA .3F. NTO) L1F1LO " 1 
vjriUNT = NCOUNT - 1 

400 CONTINUE 
NT«A s NCOUNT 
IF (NTMA .GT, NTM) GO TO 500 
PETIIPN 

500 PRINT 580» NTMA.NTM 
550 FOPMAT ru.U.tOH TRAINS IN MAINTENANCE ARE*. CAPACITY ■ ,141 

CALL EXIT 
END 

VARIABLES EQUIVALENCED BUT NOT REFERENCED 

or/»t/7i 

RAILMT 27 
RAILMT ?e 
RAILMT 29 
RAILMT 30 
RAILMT 31 
RAILMT 32 
RAILMT 33 
RAILMT 34 
RAILMT 35 
RAILMT 36 
RAILMT 37 
RAILMT 38 
RAILMT 39 
RAILMT 40 
RAILMT 41 
RAILMT 42 
RAILMT 43 
RAILMT 44 
RAILMT 45 
RAILMT 46 
RAILMT 47 
RAILMT 48 
RAILMT 49 
RAILMT 50 
RAILMT 51 
RAILMT 52 
RAILMT 53 
RAILMT 54 
RAILMT 55 
RAILMT 56 
RAILMT 57 
RAILMT 58 
RAILMT 59 
RAILMT 60 
RAILMT 61 
RAILMT 62 
RAILMT 63 
RAILMT 64 
RAILMT 65 
RAILMT 66 
RAILMT 67 
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XOE 
PC 
DTMA 
NVEHCL 
LVEHCL 
LLVHCL 
LNVHCL 
JMOVE 
IMETH 
xc 
PR 
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R. SUBROUTINE GRNSUP 

60LET* FORTBAN 1.3 • AUTO RFL • (07-1? 7?) 

SU8AOUTINE GRNSUP 
C 
C ELFMENT-i1PIu4Rr GPOUNH SUPPORT 
C SfNfRAL PROCFSS-ROrKROLTS.STFEL RIB SETStSHOTCRETfiCOMBtNATION 
CS OF THOSF 
C       »CTlVlTT-mSTALLATION 
C 

0&C002 CO^^ON /GPND/ PSSTCO.'') .MAXPSSTi DCS .urc.C .R»TFPB .RATCSC.PATE?"; 
I« G,;Los.its.rT,FPnnc'T.FscPL*tr.noi<.G<;ETrio.M«.>(pc;s 

00000?        COMMON /WHEEL"i/ AF f AF , »»i« , AMAXL .«MINI ,R<;L ,CABC»P.CPinE«nF •DTAS 
Ii  DTMAtDTU^FLiFCtERiFT.KPA.HPft.HPEV.HPfA.HPFV.HPV.LOCO.MC.ML 
2, NrARS.NPOTMT.MTD.rjTM.NTHAK.XP.NlHILPtNTMLPP.NTRACK.'il 
3, TCIIRVX (?0l .TTUPVY (^fil .TM»INT.TWF»vn»VS.VE.vr,VM»X,wC.WL tXOS 
u,    MAKLn.Nj'un.LOiiF.oiic.^ur.sTATosiafc) .wurc?*.) .MLTYP.WHR.FCONEQ. 
5 ErriSSr. .FLriro,r«IJ''Kr,FTDACK,E<;wITC.FÜNl OA.FBMIIN.IIPOR»". 

6 ISW(25)«NTtSlTtTCCVtTMCV 
000003 COMMON   /OUOCOH/   IFILn.tSTOPIPS) .KUNLO.LSTOP.LVFHCL.''BY«Y.NSWCM 

1.      NTPrA.'JVFHCL'NU'K.WT.SWITCMl?") • TFC ( 25 > . TOP ( ?S) . TST AT ( ?S.<i) 
?,      UTTMF l?5l .LnAnP.MDfnT.XGS. |EXCA*MOStS) »MCV»MFLA6CtOUMHlf(80) 

0OÖO0? COMMON   /»iEWCOM/   LIFILn.l K';TnP(?S» .LKllNLO.LLSIOP.LLVHCL.LNBrBV 
1.      LNtwCH.LNTBn&,LNVHCL.LNMSi<T,Fc;tfTCH(20)>FTFC(?S).FTOP(?S> 
?,      FT<;TST(?S,<.|,rijT!MF(?';.) .UOADB.LHUKOT.FXGS.LIFXCA.LMGSIS) 
3.     LMrv.LMfLiC.FDl)MMY(19l 

000002 DIMENSION  COMILD (260 I iCOMNEt*(260l tUTSTAT (?5t*l «IT8TAT(!5»*) 
000002 EQUIVALENCE   (NVFMCL»NT»AtNtNTRUCK).(LVfHCL.LTRAIN.LTRUCK» 

1. (COMOLO.lrlLO). (CDM'.FW.LIflLn.IFlLLO). (NTDA .LNTRDA) 
2. (rTSTATiLTSTAT)»fTSTATiITSTATl 
3. (LLVHGL.LLTRAN.I.LTPDK) , (LNVriCL .LNTRAN .LNTRUK ) 

000002        DATA PSST / t*5. .^0. .^O.. 75. .75. i 75. .SO. .50 . iSO. .25. t25. t25. .0. tO. • 
1 O.i^S'O.. 
2 2»S.,?..S.,I..2..5..1..?..S..1.,2..5..1,.2..'.5«0.. 
3 949944« tRRRORQ,•10>>flt «Ai tStt^tA^f .5. .5. .3. i2..2.«?««*5»0. « 
U  4»3..'...5,0..i...?«0..<...<.f>,0,. 
6 1..1..1..1..3..?..')..1..4..3..c;".,.<.5»0.. 
7 5»U,,S,,0..n..'...0..1..3..3,?..'.5»0.. 
8 0..0.   .S..?»l ..O..?,3..0..5.i5*0..'i5«0.. 
9 0..n.,0..0..0.<0.<0..0..0..1.>0..0.i0.<0..0..'>S*0.i 
A 1..1..1..:..1..1..1..1..|..2..7..1..1..1.>1..(>5*0./ 

000002        OATi MAXP'-./lt;/ 
000002 COMMON   /ALL        /   XT.STR.IA.Ran.CS.TAMR.FLOW.IFLAG 

1, AT.n,r,CK,T,OT.x.PO.XMA«.TMA».OX.DV.TPRINT.OTPRNI.IMOVE«JMETM 
2, TSHFT«»FRORT«OPPCT«TO»X0«XDI8CM|ICHNG.XCHNG.TCHNG 

000002                   EOUlVALENCE   ( JMOVF. I"rivF ) . ( IMFTH. JMFTH) 
000002 COMMON/MONEV/   JM''MM.OJM.OJMMH,njM«n.OJMt'MM.DMAINT.OJMBM.OJMGS 

1 .      PMr.S. J>'-V,OJMfr.Pr)PLAN,MPLANTfG5PLAN 
2.     CCPLAN.ROTIME.MTIMf(21.GSTIMF.FCTIMF 

000002 C0MMON/PE»rPu/   WDUTIM.OOOTIM,UMHTIM,OMHTTM,GSIUTM,GSOTIH«ECUTIM 

1.    crnTiM.r.nAr.GAnv.GENirj.GREG 
000002 COMMON/LA^OR/   »DMFN(1C.2>.HMfN(10.?.2).GSMEN(10«2)«ECMEN(10.2» 
000002 "FtL   JMMHM,LT.LDf*.LBn.LRüRN,LSTEEL«JMCV 
003032 DIMENSION Girt) 
000002 EOUIVALENCE IG.XT).(XE.xOF).(PB.PC» 
000002 DIMENSION SSCOEF(0,3I .nElGSSl(U).WEir,SS2<ll) 

C 
C PRE SETTING TABLES fOH   STEEL RIB INSTALLATION 
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GRNSU' 2 
GRNSUP 3 
GRNSUP 4 
GRNSUP 5 
GRNSUP 6 
GRNSUP 7 
GRNSUP 8 
SUPPORT 2 
SUPPORT 3 
MHFFLS 2 
WMFFLS 3 
MHFFLS 4 
WHEELS 5 
WHEELS 6 
WHEELS 7 
WHEELS a 
WHEELS 9 
WHEELS 10 
WHFFLS 11 
WHEELS 12 
WHEELS 13 
WHEELS 1* 
WHEELS IS 
WHEELS 16 
WHETLS 17 
WHEELS 18 
WHFFLS 19 
WHFFLS 20 
GRNSUP 11 
GRNSUP 12 
GRNSUP 13 
GRNSUP I* 
GRNSUP 15 
GPNSUP 16 
GPNSUP 17 
GRNSU0 18 
GRNSUP 19 
GRNSUP 20 
CRNSUP 21 
ALL 2 
ALL 3 
ALL 4 
ALL 5 
ALL 6 
ALL 7 
ALL 8 
ALL 9 
ALL 10 
ALL 11 
ALL 12 
ALL 13 
ALL 14 
GRNSUP 23 
GRNSUP 2* 
GRNSUP ?5 
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GOLETA FORTRAN 1.3 • AUTO RFL • (07-I?-72) GBNSUP 

00000? 

000002 

00000? 

00000? 
00000? 
009002 
00000? 

ooooc? 
000006 
000006 
00001? 

00001? 
000016 

000016 
000020 
00002? 
oooois 
C00015 
000040 
000043 

000043 
000045 
000046 
000047 
000047 

000050 
000055 
000056 
000057 
Ü00060 
000061 
00006? 
000063 
000.34 

DATA 55C0FF / 90..75.t75..50..50.«?5..?5.tO.«0.i5..5,.?..5.•?.t 
1 5.1?..5..?..0..?...45..7,.'J5..13.1.65.l.

<>.?.4/ 
DATA WFIC551 /?. 7330400 .2.30 1?257 .4. 0 346495.3.27? 1616 f?.5')08 75t 

13.'-3?3957, 3.7604-,OJ.6.4257773. 3.5155762.3. 113781, 3. 1443458/ 
DATA WFIGSS2 / 1.8697457,?.060flia3,J.9951426,2.3051969,2.526996*t 

1 2.5*39495, ?.737?<n3,2.8635011.3.2152562.3.444397<». 3.6613087/ 
OATA INlT^ErniN/O.O/ 
DATA LMETH,lrS,Mr..HAINT,IFST/5»0/ 
DATA AL.TL.5P,5PI.TH,DlST.RPF.«RB/8»0./ 
DATA TMETH.V5C.WRIB/3»0./ 

NOTE- GPOUND SUPPORT TYPE =IST.ADDITIONAL SUPPORT »US 
1ST.IAS ADE.. 

1 IF NO SUPPORT REQUIRED 
2 IF ROrKROLTS ARE RFING 1NSTALLFO 
3 IF 5HOICPETE IS REING INSTALLED 
4 IF STEEL RIB SETS ARE BEING INSTALLED 
5 IF LAGGING IS SUPPORTIONLY IAS MAY »5) 

FIRST TIME INITIALIZATION 

PRIMARY GROUND SUPPORT   t 

PROCFSS   LENGTM-MAXFT    LENGTH FT 
IN     OR SIDES      SUPPORT«) 

0) MAXPS=MAXP5S 

TYP 

5 PRINT 10 
10 F0['HAT(//.1X,.28H 

PRINT 11 
U FORMAT(IX.» POO   EXCAVATION   UNSUPPORTED   INTEREEPENCE   SUPPOR 

IT   SPACING   THICKNESS   CROWN AND/   ADDITIONAL») 
PRINT 12 

12 FORMATdX.» 
IE       ET 
IF(MAXPS5 .NF 
DO 14 I=1.MAXPS 
PRINT I3.{PS5T(I.K).K=1.91 

13 FORMAT (F7.?.F10.?.2E14,2.2F11.2.F10.2«2E13.?» 
14 CONTINUE 

PRINT IS 
15 FORMATdX,» NOTE. EXCAVATION PROCESS «5 INDICATES ANY PROCESS OTHE 

JR THAN THOSE IN TABLE«.//) 
FXGSiX 
INIT=1 
IFINEEDIN .EO. 0) GO TO 3000 

NEFDIN»0 
GO TO 6 

INTI1AL1ZATION EACH ENTRANCE 

ENTRY GROUN 
IFIINIT .NF. 0) GO TO 6 
NFFD1N»! 
GO TO 5 

6 MAINTsO 
ADV*0. 
DPMGS=0. 
ADVLOS«0. 
PMGLOS«0. 

07/25/7? 

6RNSUP 26 
GRN5UP 27 
GPN5UP 28 
ORNSUP 29 
GRNSUP 30 
GRNSUO 31 
GRNSUP 32 
GRNSUP 33 
GRNSUP 3* 
GPN5UP 35 
GRNSUP 36 
GRNSUP 37 
GBNSUP 38 
GRNSUP 39 
GRNSUP «0 
GBNSUP 41 
GRNSUP 42 
GRNSUP 43 
GRNSUP 44 
GRNSUP 45 
GRNSUP 46 
GRNSUP 47 
GRNSOP 48 
GRNSUP 49 
GRNSUP 50 
GRNSUP 51 
GRNSUP 52 
GRNSUP 53 
GRNSUP 54 
GPNSUP 55 
GPNSUP 56 
GONSUP 57 
GRNSUP 58 
GRNSUP 59 
GBNSUP 60 
GPNSUP 61 
GRNSUP 62 
GBNSUP 63 
GBNSUP 64 
GBNSUP 65 
GRNSUP 66 
G' NSIJB 67 
GRNSUP 68 
GBNSUP 69 
GRNSUP 70 
GRNSUP 71 
GRNSUP 72 
GRNSUP 73 
GRNSUP 74 
GRNSUP 75 
GRNSUP 76 
GRNSUP 77 
GRNSUP 78 
GRNSUP 79 
GRNSUP 80 

1 

1 
1 

D 

1 

0 
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i: 

i 

i 
i. 

i 

i 

000965 
00006*. 
000067 
000070 
000071 
00007? 
000073 
00007* 
00OÖ75 
C00100 
000103 
000105 
00010ft 
cooi n 
0001U 
000J16 
000120 
000122 
ooni?« 
000127 
000132 
000132 
000134 
000134 
000136 
0001M 
000K.3 
OOOKi. 
0001'.«, 
000150 
000152 
000153 
000156 
000160 

000162 
00016<> 
000165 
000171 
000175 

000201 

000203 

0002U 
000217 
00022'. 

.LE. RQni GO TO 30 

PSSTdP.l») GO TO 36 

L«(1 = 0 
WRIR=0. 
irsT^o. 
KRR=0. 
flPF« 0 
SPsO 
vsc=o 
DO 25 I=1,HA«PS 
IF (PSSTdtll 

25 COSTIMUE 
30 IP=I 

DO 35 !=IP,MAXOS 
TFIPSSTd.l)    .NC 

1PPST=PSST{I,?) 
IF   (IPPST.fQ.JHETH)   GCMO  «0 

35 CONTINUE 
36 in«i 

DO   37   J=IP.IO 
IFIPS«;T(J.2)      .EO.   5) GO   TO   39 

37 CONTINUE 
GO   TO   IBOO 

39 IP=J 
GO   TO   42 

40 IP=I 
*2 LMfTHtPSSTdP»*) 

TMETH»JMfTM 
*L=PSST(IP.3I 

Ti. = P«;,:.T (IPi<.) 
I5T=PSST(IP.S) 
SP=P55r(IP.6) 
TH^P^STMP.T) 
ICS=PSST(IP.R) 
l*S = PSST{IP.t(l 
Hr.=Mr.s(isT) 

STATUS CHfC* FOR GROUND SUPPORT 

OISTrK-XG1; 
IFdFXCA   .rf).   0) r,0   TO   43 
IF(01ST   .LE.   TL> UFXCA = 0 

43   IF(DIST   •OT,   AD LIE»CA = 1 
IF(OIST   .LT.   TL) M*INT»1 

COMPUTING  LABOR   TIME  USED  TOR   THIS  ACTIVlTr 

(;«;TIUF = fiSTIMf .DT 
COMPUTING MjTTRiALS FOR GROUND SUPPORT 

GO TOdOOO.200.300.400^00).1ST 

COMPUTING GBOUNO SUPPORT USING ROCK BOLTS 

200   IF(MG   .EO.   1)   MAINT«! 
9PF»3.1415«D/(2».866»(SP)«»?) 
WRB».2B'>»3.14I5*0 

07/25/72 

GRNSUP SI 
GRNSUP R2 
GRNSUP 83 
GRNSUP 14 
GRNSUP 85 
GRNSUP R6 
GRNSUP 87 
GRNSUP 88 
GPNSUP 89 
GRNSUP 90 
GRNSUP 91 
GPNSUP 92 
GRNSUP 93 
GRNSUP 94 
GRNSUP 95 
GPNSUP 96 
GPNSUP 97 
GRNSUP 98 
GRNSUP 99 
GRNSUP 100 
GRNSUP 101 
GPNSUP 102 
CRNSUP »03 
GRNSUP J04 
GRNSUP 105 
GPNSUP 106 
GRNSUP 107 
GPNSUP 108 
GRNSUP 109 
GRNSUP 110 
GRNSUP in 
GPNSUP 112 
GPNSUO 113 
GRNSUP U* 
GRNSUP 115 
GPNSUP 116 
GRNSUP JIT 
GRNSUP 118 
GRNSUP 119 
GRNSUP 120 
GPNSUP 121 
GPNSUP 122 
GRNSUP 123 
GRNSUP 124 
GRNSU» 125 
GRNSUP »26 
GRNSUP 127 
GRNSUR 128 
GRNSUP »29 
GRNSUP 130 
GRNSUP 131 
GRNSUP 132 
GRNSUP 133 
GRNSUP 134 
GRNSUP 135 

I VI-105 
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000?26 

000?26 
000?31 
00023* 
000?36 
0002*1 
ooo?« 
003?*ft 

ooo?*? 
000?5? 
000?S<. 
000?57 
000?(>i 
000?63 
000270 
0302T5 
000276 
000301 
00030* 
000306 
000306 
000315 
000320 

000321 
000323 
00032* 
000326 
000330 

0003*0 
0003*? 
0003*6 
0003*7 
0003*7 
0003S1 
000353 
000353 
000355 

t 
C 
c 

300 

306 
310 

*00 

*10 
*15 

*20 

*22 
*30 
SCO 

1000 

1020 

1025 

102« 

C 
c 
c 

GO TO 1000 

COMPUTING GROUND SUPPORT USING SHOTCRETC 

IF(MG .FO. I» MAINT»1 
IF (ROO .LF. 25.) GO TO 1900 
IF (ICS .FO. II GO TO 306 
V5C=3.1*15»D»TH/(32*.»2.) 
GO TO 310 
V5C=3.«3.1*15»0»TM/(32*.**.» 
GO TO 1000 

COMPUTING GROUND SUPPORT USf OF STEEL «IBS 

IFIMG .EO. 1) MAINT«! 
00 *10 I=lt9 
IF (SSCOFFdtlt .LE. ROD» GO TO *J5 

CONTINUE 
IP = I 
IF(S5rOEF(IP.lt?) .EO. TMETH» IP^IP»» 
PL0AO=55COEF(IP,3) »O'SP^CS 
DO *20 1*1.11 
PK=(I.6)»2«1 
IF(0 .LE. PK) GO TO *22 
CONTINUE 
GO TO 1950 
55WElG=WETGS52(I)*llO.»«-3l«PLOAO»WEIOSSl<n 

KRlB0.1*15«n»SS*FIG 
GO TO 10C0 

OETFRMINING WHICH COST CALCULATION TO USE 

nETfRMINING ADDITIONAL SUPPORT COMPUTATIONS 

IFdFST .EO. 1» GO TO 1050 
IFSTsl 
SP1»5P 
Mr.»MGS(IAS) 
CO TO(1050.1020.1030.10*0.»050» .I*S 

WITH ADDITIONAL SUPPORT • ROCK BOLTS SET UP BOCKBOLT 

IFtlST .NE. 3) 00 TO 1025 
IFIROO .GT. 50.1 GO TO 1050 
SPä5. 
GO TO 200 
IF(IST .NE. *» GO TO 1028 
SPiS. 
GO TO 200 
1F(5P .EO. O.I SP«5. 
GO TO 200 

ADDITIONAL SUPPORT • SMOTCRETE SET UP FOR SHOTCRETE 

07/25/72 

GBNSUP 136 
GRNSUP 137 
GRNSUP 138 
GRNSUP 139 
GRNSUP 1*0 
GRNSUP I'.l 
GRNSUP 1*2 
GRNSUP 1*3 
GRNSUP 1** 
GRNSUP 1*5 
GRNSUP 1*6 
GRNSUP 1*7 
GRNSUO 1*8 
GRNSUP 1*9 
GRNSUP 150 
GRNS'JP 151 
GRNSUP 152 
GRNSUP 153 
GRNSUP 15* 
GRNSUP 155 
GRNSUP 156 
GRNSUP 157 
GRNSUP 158 
GRNSUP 159 
GRNSUP 160 
GRNSUP 161 
GRNSUP 162 
GRNSUP 163 
GRNSUP 16« 
GRNSUP 165 
GRNSUP 166 
GRNSUP 167 
GRNSUP 168 
GRNSUP 169 
GRNSUP 170 
GRNSUP 171 
GRNSUP 172 
GRNSUP 173 
GRNSUP 17* 
GRNSUP 175 
GRNSUP 176 

COMPUTATIONS GRNSUP 177 
GRNSUP 178 
GRNSUP 179 
GRNSUP 180 
GRNSUP 181 
GRNSUP 1«2 
GRNSUP 183 
GRNSUP 18* 
GRNSUP 185 
GRNSUP 186 
GRNSUP 187 
GRNSUP 188 

COMPUTATIONS  GRNSUP 189 
GRNSUP 190 

1 

"1 i 

I] 

0 
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GOLETA  FORTRAN   1.3   •   «UTO   "FL   •   f07-l?-72» GBNSUP 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

000356 
000361 

CO03A2 
000364 
000366 
000366 
000370 

000371 
000401 
000*11 
000413 
000424 
0004Z6 
000437 
000441 
000452 

000453 
000455 

000456 
C00461 
000463 
000465 
000467 
000470 

000471 
000474 
000476 
000477 
000501 
000502 

000503 
000506 
000510 
00051? 
000514 
000515 

1030 IFITH . EO. 0.) TH».5»0 
CO TO 300 

•     »DDITIONAt SUPPORT»SfFEL RIPS SET UP STECL »IBS COMPUTATION 
m 

lO'O IF (1ST ,HC,   ?)   '.0 TO 1045 
SP = 4. 
GO TO 400 

1045 IF(SP .EO. 0.> 5P=4. 
GO TO 400 

: 
J     OETFBHI'JING WHICH COST CATEGORY TO USE 
t 
1050 IFKIAS .NF. 5) •AND« (IAS .»JE. 1)1 CO TO 1060 

GO TO (llOOtlPOO.1300.1400 I . 1ST 
1060 IFdAS ,«JP. ?l CO TO 1070 

r.fl TO (1?00.1200.1500.1600.1200)iIST 
1070 1F(1AS .SE. 3» GO TO 1080 

GO Tfl (1300.1500.1300.1700.13001 .1ST 
1080 IFdAS .«JF. 41 GO TO 1090 

GO TO (1400.1600.1700.1400.1400) tIST 
1090 GO TO 1825 

c 
C     COMPUTING ADVANCE AND COST WITH NO SUPPORT 
5 
1100 FXGS-X-TL 

GO TO 2000 
c 
C     COMPUTING ADVANCE AND COST WITH ROCK BOLTS 
c 
1200 ADV»RATFRB'DT/''PF 

FXGS = Anv«xr,s 
RRLB'^'OV^PF'WRB 
OPMGSi'PLBS^llCS 
PMGS = PMr,S»OPMGS 
GO TO 2000 

C     COMMUTING ADVANCE AND COST USING SMOTCRETE 
C 
1300 ADVsPATESC»DT/VSC 

F«68»xfiS»»f>V 
CDTDsAnV'VSC 
OPMGS=CUYD«UCSC 

PMr.s=PMr,s«DPxGS 
GO TO 2000 

C 
C     COMPUTING ADVANCE »NO COST USING STEEL BIBS 
C 
1400 ADV'RATF^'DT'SP 

rxGS = xr,s«ADv 
SRLaSi(AOV/SP)»wRIB 
OPMGSrSBLflS'UCS 
PMGS»PMGS«OPMGS 
GO TO 2000 

07/25/72 

GSNSUP 191 
GRNSUP 192 
GRNSUP 193 
GRNSUP 19* 
GRNSUP 195 
GRNSUP 196 
GRNSIJP 197 
GRNSUP 199 
CPNSUP 199 
GRNSUP 200 
GRNSUP 201 
GRNSUP 202 
GRNSUP 203 
GRNSUP 204 
GRNSUP 205 
GRNSUP 206 
GRNSUP 207 
GRNSUP 208 
GRNSUP 209 
GRNSUP 210 
GRNSUP 211 
GRNSUP 212 
GRNSUP 213 
GRNSUP 214 
GRNSUP 215 
GRNSUP 216 
GRNSUP 217 
GRNSUP 21B 
GRNSUP 219 
GRNSUP 220 
GRNSUP 221 
GRNSUP 222 
GRNSUP 223 
GRNSUP ??4 
GRNSUP 225 
GRNSUP 226 
GRNSUP 227 
GRNSUP 228 
GRNSUP 229 
GRNSUP 230 
GRNSUP 231 
GRNSUP 232 
GRNSUP 233 
GRNSUP 234 
GRNSUP 235 
GRNSUP 236 
GRNSUP 237 
GRNSUP 238 
GRNSUP 239 
GRNSUP 240 
GRNSUP 241 
GRNSUP 242 
GRNSUP 243 
GRNSUP 2*4 
GRNSUP 245 
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I 

GOLFT* rOPTRAN 1.3 • *UTO RrL • «07-12-72» GftNSUP 

000SI6 

0005?6 
000S27 
000531 
000S35 
000536 

000537 
000*50 
000551 
000S53 
000556 
000560 
000563 
000564 

000565 
000573 
000575 
000577 
000601 
00060« 
000606 

000606 
00C6I2 

000612 
000613 
000621 
000621 
000622 
000626 

000626 
000627 
000633 

000633 
000635 
000636 

ooo^o 

;     COMPuT!*r. ADVANCE *NO COST USING SHOTCRETE AND MOCK BOLTS 

1500 AnV»(RATERR/nPF«RATESC/WSC»»0T/2 
FXf,r»XGS»AOV 
cuYOsAnvvsc 
RBLR5»A0V»RPr»WRB 
0PH05«CUYO»UrSC  »RBLBS'UCS 
PMGS'PMGS'OPHGS 
GO TO 2000 

* 
• COHPUTING COST AND ADVANCE USING STEEL BIBS «NO ROCK BOLTS 

1600   IF(I5T   .EO.   41   SP«SPI 
«0Vi(PATF55»SP»RATER8/BPn»0T/2. 
FXGS«XGS»Af>V 
SR|.nS<(ADV/SPI*WRIB 
RRLBSBADV*RPF»WRB 
0PMG5*ISRLR5*RBLBS>*UCS 
PMGS«PMG5«DPMGS 
GO TO 2000 

C 
C     COHOumO ADVANCE AND COST USING SHOTCBETE AND STEEL RIBS 
C 
1700 Anv»(RATFSC/VSC»RATESS#SP»«OT/2. 

FXGS=«r,S»AOV 
CUYO=»OV»VSC 
S'LaSslAOV/SPI'WRIB 
OPHGS«CUYD»UCSC»SRLBS«UCS 
PMGSsPMG5*0PMGS 
GO TO 2000 

C 
C      ERROR MESSAGES 

1800 PRINT 1801 
1801 F0RMAT(/1X.« UNABLE TO PERFORM GROUND SUPPORTtCANNOT FIND EXCAVATI 

ION METHOD IN PSST TABLE AND NOOTHER METHOD IS IN TABLE«! 
GO TO 1975 

1825 PRINT 1826iI4S 
1826 F0!)MAT(//1X,# ADDITIONAL SUPPORT «tlS.» IS NONEXISTANTIN PB06BAM»! 

GO TO 1975 
lm\  FCIMATUXWSH UNABLE TO PERFORM SUPPOPT.SHOTCRFTE CANNOT ^E U5E0 I 

IF O10 IS LfSS TKAN R5       ) 
GO TO 1975 

1950 PRINT 1951 
1951 FORMAT<85HUNABLE TO PERFORM SUPPORT STEEL BIB WEIGHT INDETERMINATE 

1 F3R DIAMETER GREATER THAN 36        I 
1975 FX6S«XGS 

FBACTO. 
STOP 

C 
C     COMPUTING ACTUAL GROUND SUPPORT IF TOO CLOSE TO FACE OR BEYOND 
C 
2000 DTST1«X-TL 

n»iCT«l. 

07/25/72 

ORNSUP 246 
GRNSUP 247 
GRNSUP 248 
GRNSUP 249 
GRNSUP 250 
GRNSUP 251 
GRNSUP 252 
GRNSUP 253 
GRNSUP 254 
GRNSUP 255 
GRNSUP 256 
GRNSUP 257 
GRNSUP 258 
GRNSUP 259 
GRNSUP 260 
GRNSUP 261 
GRNSUP 262 
GRNSUP 263 
GRNSUP 264 
GRNSUP 265 
GRNSUP 266 
GRNSUP 267 
GRNSUP 268 
GRNSUP 269 
ORNSUP 270 
GRNSUP 271 
GRNSUP 272 
GRNSUP 273 
GRNSUP 274 
GRNSUP 275 
GRNSUP 276 
GRNSUP 277 
GRNSUP 278 
GRNSUP 279 
ORNSUP 280 
GRNSUP 281 
GRNSUP 282 
GRNSUP 283 
GRNSUP 284 
GRNSUP 285 
GRNSUP 286 
GRNSUP 287 
GRNSUP 288 
GRNSUP 289 
GRNSUP 290 
GRNSUP 291 
GRNSUP 292 
GRNSUP 293 
GRNSUP 294 
GRNSUP 295 
GRNSUP 296 
GRNSUP 297 
GRNSUP 290 
GRNSUP 299 
GRNSUP 300 

1 

1 

D 

i 

! 
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I 
1 
I 

[ 
I 
1 
I 
1 
I 

GOLET» FORTRAN 1.3 • *UTO OFL • (07-l?-72) ORNSUP 

000*** 
eoef>*6 
000650 
00065} 
000654 
00065T 
000660 
000662 
000665 
000667 

000670 
00067? 
00067S 
000676 
000676 

000676 

000701 
0007U 
000717 
000725 
000733 
000735 
000735 
000737 
000743 
000744 
000754 
000762 
000764 
000764 
000766 
000772 
001002 
001002 
001003 

IFtMMNT .FO. 1) GO TO 2500 
IF (Fxr,S .LF. DISTl» GO TO 2005 
FR»CT=<DI';TI-XC5)/*OV 

»0V«0HTl-X6S 
*OVLOS = F«r,S-(X-TLI 
G5L0S=GSLns«»DVL0S 
FXG?; = XGS»AOV 
PXOLOS=DPXGS»(l.-FRACT) 

OMGS'PMGS-PMr.LOS 
2005 GO TO 3000 

C     COMPUTING FFET LOST FOR GROUND SUPPORT If  IN MAINTENANCE OR 
ft    LF FOR ALL OT 

2500   PMGS'PMGS-DPMGS 
GSLO^GSLOS» IFXGS-X6S) 
F«GS=XGS 
FRAGT =0 

3000 CONTINUE 

COMPUTING UP TIMF OF GROUND SUPPORT 

GSUTIM«GSIJTIM»FHACT«OT 

COMPUTING PLANT AND EQUIPMENT COSTS 

IFUIST .EQ. 2) 
IFdIST .NE. 3) 
IF((IST .EO. 5) 
IFdIST .EO. 1) 
DTTsDT/2. 
GO TO 3020 

3015 0TT«OT 
3020 GSPLANrGSPLANOTT'FRACMESCPLA 

GO TO 3050 

.OR. (IAS .EO. 2») GO TO 3025 

.AND. (IAS .NE. 3)) GO TO 3050 

.OR. (IAS .EO. 5)» GO TO 3015 

.OR. (IAS .EO. 1)) GO TO 3015 

3025 IFMIST .FO. 5) .OR. (IAS .EO. 5)) 60 TO 3027 
IFMIST .FO. 1) .OR. (IAS .EO. 1)) GO TO 3027 
DTTsOT/2. 
GO TO  3030 

3027  DTT-DT 
3030 GSPLANiGSPLAN»OTT»FRACT«ERRORI 

IFMIST   .EO.   31   .OH.   (IAS   .EO.  3»>  GO TO  3015 
3050  CONTINUE 

RETURN 
......        END 
•FOLLOWING VARIABLES EOUIVALENCED BUT NOT REFERENCED 
NTRAIN 
NTRUCK 
LTRAIN 
LTRUCK 
IFILO 
LIFILD 
IFILLO 
LNTRDA 
LLTRAN 

VI-109 
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GRNSUP 301 
GRNSUP 302 
GRNSUP 303 
GRNSUP 304 
GRNSUP 305 
GRNSUP 306 
GPN5UP 307 
GRNSUP 308 
GRNSUP 309 
GRN5UP 310 
GRNSUP 311 

IF 10 GRNSUP 312 
GRNSUP 313 
GRNSUP 314 
GRNSUP 315 
GRNSUP 316 
GSNSUP 317 
GRNSUP 318 
GRNSUP 319 
GBNSUP 320 
GRNSUP 321 
GRNSUP 322 
GRNSUP 323 
GRNSUP 324 
GRNSUP 325 
GRNSUP 326 
GRNSUP 327 
GRNSUP 328 
GRNSUP 329 
GRNSUP 330 
GRNSUP 331 
GRNSUP 332 
GRNSUP 333 
GRNSUP 334 
GRNSUP 335 
GRNSUP 336 
GRNSUP 337 
GRNSUP 339 
GRNSUP 339 
GRNSUP 340 
GRNSUP 341 
GRNSUP 342 
GRNSUP 343 
GRNSUP 344 
GRNSUP 345 



1 

OOLET» ro»T«*N J.3 • »UTO RrL • C»T-12-72> ORNSUP 07/25/72 

LLTPUK 
LNTPAN 
I.NTOUK 
tHOVE 
XT 
XOE 
PC 
NVEHCL 
LVEHCL 
NTO» 
LLVHCL 
LNVHCL 
JMOVE 
IMETH 
XE 
PR 

I 
i 

I 

1 

1 
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s. SUBROUTINE OSHA IN 

GOLET* rOSTRAN 1.3 • »UTO RFt • (07-l?-7?) 
07/25/72 

000002 

000002 

000002 

000002 

000002 

C 
C 
c 
cs 
c 
c 

SilBBnilTINf   OSXAIN 

firuFST-PBI"«"!' GROUND SUPPORT 
r.rNEPAL PaOCFS^-ROCtBOLTS.STFFL RIB SETS.SHOTCRETC.COMBINATION 

or THOsr 
»CTIVITY»MA1NTEN*NCE 

COMMON   /OO'in/   PSSTIfO.Ol.MMPSST.   UCS.UCSC.R«TERB.RATESC.H*TESS 
l. OSLOS.us,IST.F»Fin»i.FSCPL.*.r,now.osnno.M*xpss     , „ , 
COMMON /WHEELS/ 4F.AF.4M»x.»MAXL.AMINL.nSL.C»RC»P.CP.nF.0f-.0T« 

1 
2 
3 
4 
5 
6 

nTM«.OTU.FL.FC.FB.rT.HP»,HPf».HPfV.HPF«.HPrV.HPV,LOCO.MC,ML 
NCSRS.NDOINT.NTD.NTM.NTMAX.XP.NTMILP.NTMLPP.NTRACK.SL 
TCllBV»(?0).TClinVY(?0).TM*TNT.TWE.VD.VS.VE.VF,VM»X.yC.KL.KOS 
MAXLD.N'IM, D.LOnf.OUC.-IIC.STATUS (3M.WHr(2*).MLTYP.WHR.ECONEQt 
ECnNSS.FLOCO.FMH^r.ETRACK.ESWITC.EUNLOA.FRMAIN.IIRORF. 

rOMioN'/OLO:oi/IIFILO^STOP(?5).'<UNLO.LSTOP.LVEHrL.NRyHr.N5WCH 
1.    NTI»O*.NVEMa.NUM5WTiSWITCH(20».TrC(2S»»T0P«?5>tTST*T(25t«» 
2       UTIME(?Sl,L0ADR.HUK0T.XGS.lEXC*.MfiS(5).MCV.MFLAr,C.DUMMY (20) 

COMMON  /NfWMM/  LiriLn.LKST0P(?5).LKUNL0.UST0P.LLVMCL,L^Ye¥ 
1, LNSWCH.LNTROA.LNVHCL.LNMSWT.FSWTCM<20».FTFC(25),FTOP(25) 
2, FTSTAT<?S.<.).FUTIME(2S).LLO»ORtLHUK0T.FXCS.LIEXC*.LMOSI5) 

3, I.MCV.LMFL»C.FDUMMY(iqi 
DIMENSION   COM0LD(260).COMNEW(260>» 

GSMAIN 2 
GSMAIN 3 
GSMAIN t 
GSMAIN 5 
GSMAIN 6 
GSMAIN 7 
GSMAIN 8 
SUPPORT 2 
SUPPORT 3 
WHFFLS 2 
WHEELS 3 
WHEELS k 
WHEELS 5 
WHEELS 6 
WHEELS 7 
WHEELS a 
WHEELS 9 
WHEELS 10 
WHEELS n 
WHEELS 12 
WHEELS 13 
WHEELS I* 
WHEELS 15 

000002 

000002 

000002 
000002 

000002 

000002 
000002 
000002 
000002 
090002 
000002 
000002 
009002 
000002 
000002 
•00002 

c 
c 
c 
c 
c 
c 
c 

LTSTAT(25.4)tITST*T(25.*> 
EQUIVALENCE (NVFHCL.NTRAIN.NTRUCK) . (LVEHCL.LTRAIN.LTRUCKI 

1, |COMOLO.IFILn>.ICOMNEW.LIEILD.IFILLO).(NTDA.LNTHDAI 
?,      (FTSTAT.LTSTATI.nSTAT.ITSTATl 
3.  (LLVHCL.LI TSAM.LLTRUKj.anVHCL.LNTRAN.LNTRUK» 
COMMON /AIL ' / XT.STB.IA.ROO.CS.TAMR.ELOW.IFLAG 

J.  AT.n.F.SK.T.OT.X.PR.XMAX.TMAX.nx.OV.TPRlNT.OTPRNT.IMOVE.JHETM 
2, TSHFT.SEPOST.OPPCT.TO.XO.XOISCH.ICHNG.XCHNG.TCHNO 
E0'JIV.1LESCF (JM0VE.IM0VE).(1METH,JMETH) .„ « 1UM 
C0MM0N/MONFY/ JUM^M.OJM.OJMMH.DJMRD.OJMBMM.DMAINTtOJMBMtOJMGS 

1,  PMC.S.J-rv.DJHFC.BOPLAN.MPLANT.GSPLAN 
?.  FrPL&N.RnTlMF.HTIMF(?) .GSTIMF.ECTIHE .,.....„ 
COMMON/PFPFR»/ PnuIIH.RDDTIM.UMHTIM.OMHTIM.GSUTIM.GSOTIM.ECUTIM 

1.  FfOTIM.nntY.GAnV.GENn.GBEG «*«««,«» mt 
COMMON/LAW/ O0MEN(J0.2t.HMEN(10.2.21.GSMEN(l0,2».ECMEN(10.2t 
Of.L |MMH«.Ln.L0R.L8IT.LBURN.LSTEEL»JMCV 
OIxENSION r,(B) 
fOUlVALENCE (0.xT».(XEtXOEl.(PR»PC» 
DIMENSION GSMTISI.DOWNTISI. GOOWN(5>tSETD0W(5) 
DATA GSMT/ 5»0./ 
DATA nOWNT/r.«0./ 
DATA r,D0WN/5»7t5/ 
DATA SETDOW/S».S/ 
DATA INC/l/ 
DATA IN1T.NEFDIN/0.0/ 

NOTE- GROUND SUPPORT TYPE «IST.ADDITIONAL SUP"OBT -IAS 
1ST.IAS AUF,. 

1 IF NO SUPPORT REQUIRED 
? IF RO^ROLTS A^E BEING INSTALLED 
3 IF SHOTCRETE IS BEING INSTALLED 
4 IF STEEL RIB SETS ARE BEING INSTALLED 

WHEELS 16 
WHEELS 17 
WHFELS 16 
WHEELS I« 
WHFELS 20 
ALL 2 
ALL 3 
ALL 4 
ALL 5 
ALL 6 
ALL 7 
ALL 1 
ALL 9 
ALL 10 
ALL 11 
ALL 12 
ALL 13 
ALL 1* 
GSMAIN 12 
GSMAIN 13 
GSMAIN 1« 
GSMAIN IS 
GSMAIN 16 
GSMAIN 17 
GSMAIN IS 
GSMAIN 19 
GSMAIN 20 
GSMAIN 21 
GSMAIN 22 
GSMAIN 23 
OSHAIN 2* 
GSMAIN 25 

I 
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1 
1 

GOLET» rOUTBAN 1.3 • *UTO RfL • (07-J?-7J) GSMAIN 

000002 
000003 
060005 
00O0OT 
000013 
00001* 
000015 
000016 

000916 
000023 
000025 
000036 
000027 
0000W0 
000043 
OOOOt« 
0000*5 

0000*7 

000056 

000057 
000061 

009063 
000063 
000064 
000064 
000066 

000073 

000075 
000076 
000077 
000101 
000103 
000104 
000106 

5 IT LAGGING IS SUPPORT(ONLY I*S MAY «S» 

1   IN1T«| 
00 *  J«lt5 
IMGOOM   .NC.  0.)   GD0WN(J1«G00U 
IFCGSFTOO  .NF.  0.)   SETOOW«JlaGSETOO 

4 CONTINUE 
IF (NFEDIN .EO. 01 CO TO ISO 
NFFniN«0 
60 TO 5 

NORMAL  ENTRY 
ENTRY GSMNT 
IFdNIT   .EO.   11   GO  TO $ 
NFEOIN»! 
GO  TO  1 

5 IFUIAS  .Nf.   1)   .AND.   (US  .NE.  Si)   INC»? 
DO  110  I»3.4 
DOWNsOOWNTUi 
GSM'GSMTIIl 
MG'MGSMI 

DETERMINING If GROUND SUPPORT TYPE I IS IN USE DURING OT 

IF«(I .EO. I5T) .OR. (I .EO. |AS>> 00 TO S« 

DETERHINIMO IF GROUND SUPPORT TYPE I IS iN MAINTENANCE 

IF<MG .EO. 01 GO TO 100 

REDUCING MAINTENANCE TIME BY OT FOR GROUND SUPPORT TYPE I 

35 OONN «OOWN-OT 
IF (DOWN .GT. 0.) GO TO 100 

REMOVING GROUND SUPPORT TYPE I FROM MAINTENANCE 

OOWN<0. 
LHr.«o 
GO TO 100 

50 IFIMG .EO. 1) GO TO 25 
6SM«GSM»DT/INC 

DETERMINING IF GROUND SUPPORT TYPE I IS DUE FOR MAINTENANCE 

IFIGSM .LE. GDOWN(U) GO TO 100 

PUTTING GROUND SUPPORT TYPE I INTO MAINTENANCE 

LMG=1 
OOXNsSETDOWd»    , 
PMr,S<PMGS*OJMGS 
GSMsO. 
G<:OTIM>GSOTIM*OOWN 

100 OOWNT(I)>OOWN 
GSMT(I)"GSM 

07/25/72 

G5MAtN 26 
GSMAIN 37 
GSMAIN 38 
GSMAIN 3<» 
GSMAIN 30 
GSMAIN 31 
GSMAIN 32 
GSMAIN 33 
GSMAIN 34 
GSMAIN 35 
GSMAIN 36 
GSMAIN 37 
GSMAIN 38 
GSMAIN 39 
GSMAIN 40 
GSMAIN «1 
GSMAIN 43 
GSMAIN 43 
GSMAIN 44 
GSMAIN 45 
GSMAIN 46 
GSMAIN 47 
GSMAIN 48 
GSMAIN 49 
GSMAIN 50 
GSMAIN 51 
GSMAIN 52 
GSMAIN 53 
GSMAIN 54 
GSMAIN 55 
GSMAIN 56 
GSMAIN 57 
GSMAIN 58 
GSMAIN 59 
GSMAIN 60 
GSMAIN 61 
GSMAIN 63 
GSMAIN 63 
GSMAIN 64 
GSMAIN 65 
GSMAIN 66 
GSMAIN 67 
GSMAIN 68 
GSMAIN 69 
GSMAIN 70 
GSMAIN 71 
GSMAIN 72 
GSMAIN 73 
GSMAIN 74 
GSMAIN 75 
GSMAIN 76 
GSMAIN 77 
GSMAIN 78 
GSMAIN 79 
GSMAIN 80 

1 

1 
I 
D 

B 

O 
D 
[1 

fl 
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I 
I 

OOLfTA rOBTHAN 1.3 • AUTO RFL • (07-;2-72) 

OOOUO        LMGS(I)>LMG 
OOOtll     HO CONTINUE 
050113    ISO CONTINUE 
000113 RETURN 
000114 END 
•fOtLOWINO V4RUBLES EQUIVALENCEO BUT NOT REFERENCED 
NTRAIN 
NTRUCK 
LTRAIN 
UTRUCK 
IFILD 
LIFILD 
IFILLD 
LNTROA 
LLTRAN 
LLTRUK 
LNTRAN 
LNTRUK 
HOVE 
JMETH 
KT 
XDE 
PC 
NVEHCL 
LVEHCL 
NTOA 
ULVHCL 
LNVHCL 
JMOVE 
IMETH 
XE 
PR 

GSHAIN 

GSMA1M 
GSMAtN 
GSHAIN 
GSHAIN 
GSHAIN 

OT/25/7? 

81 
82 
83 
64 
as 
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T. SUBROUTINE ENVIR 

OOLET* FOBTRAN 1.3 • *UTO »FL • (07-12-72) 

000002 

000002 
000002 

000002 

000002 
000032 
000002 
000002 
000002 

000002 
009002 
000002 
000002 
000002 
000002 
000002 
000002 
000002 

000002 
OOC003 
000904 
ocooos 
000007 
009913 
00001S 
0CC017 
000021 
000023 
000025 
000027 
000031 
000933 
00003S 
000037 
0000<.2 

ooooo 

000046 

SUBROUTINf ENVIB 

ELEMENT - ENVIRONMENTAL CONTROL 
GENERAL PROCESS - VENTtLAIlON ♦ COOLING 
•••«HEAT« MUST BE RETRIEVED FROM ROCK DISINTEGRATION ROUTINE 
•••«TROCK* * * i       TUNNEL EILE INPUT 

COMMON /ALL   / XT.STR,lAtROOtCS.TAMB.FLOK.IfLAG 
1«  *T,O.F.SK.T.nT.X.PR.XH»X.TMAX,nx.OV»TPRINT,DTPRNTtIMOVE.JMETH 
2.  TSHFT.REPORTtOPPCT.TO.XO.XOISCH.ICHNetXCHNCtTCHNO 
EQUIVALENCE (JM0VE»IM0VE>.(1METH.JHETM) 
COMMON/MONEY/   JMMHM.DJM.OJMHH,DJMROtDJMBMHtOM*|NT«OJMBM«DJNGS 

It     PMCS.JMCV.OJMEC.RDPLAN.MPLANT.GSPLAN 
2.     ECPLANtl»0TIME.MTIME(2)tGSTIME.ECTmE 

COMMON/PERFRM/  ROUTIM,RODTIM,UMHTIM.DMHTIM,GSUTIMtGSOTIMtECUTIH 
It     ECOTIM.GOAYtGAnVtGENOtGnEr. 

COMMON/LAPOR/ RDMENM0t2>tHMEN|let2t2>iGSMEN(l0t2)tTMEN(l0t2) 
REAL   JMMHMtLOtLORtLBITtLBURNtLSTEELtJMCV 
DIMENSION G(fl> 
EQUIVALENCE   (GtXT) t (XEtXDEI t (PfttPO 
COMMON  /E'NVC/  MAXMENtTOTHPtOM,OOtVAMlNtVAMAXt06«IO»t 

1        TA.TDtWAtF*n.FKTtCPA,C<»tflEF9ATtAMCnfll tOnRtEVENTOtCIIMP 
EOnTVALfNCF   (TWOCITAMB) . (Ht"ATtM£ATj) 
OIMtNSION  OOGdO» 
DATA   INIT   /O/ 
DATA NEEOIN /0/ 
OATA PI /3.1415927/ 
DATA OFACTtVFACTtOMPtOOHPtOAVtOOR /6»0./ 
DATA FACTltFACT2tFACT3tFACT4tTAVELH /5»0./ 
DATA FACT2A /0./ 
DATA 000 /10*0./ 

INITIALIZATION 

10 OJMEC ■ 0. 
ECOTIME»0. 
ECUTIME«0. 
IE (OM .EO, 0.» OM ■ 
IF (00 .EO, 0.» 00 

200. 
106. > 0.33« • TOTHP 

SO. 
1000. 

IF (VAMIN .EO. 0.1 VAMIN ■ 
IF IVAMAX ,EO. Ott VAHAX ■ 
IF (TO .EO. 0.) TD ■ 80. 
IF (WA .EO. O.I HA ■ 0.075 
IF (FKO .EO. 0.1 EKO ■ 2.0E-9 
IF (FKT .EO. 0.1 FKT ■ 1.5E-8 
;F(CPA .EO. O.I CPA ■ 0.240 
IF (CM .CO. O.I CKA ■ 0.0147 
If (REFRAT .EO. 0.) REFRAT ■ 2.0E-6 
IT (PR .EO. 0.) PR ■ 0.015 
DFACT « D • PI / 4. 
VF4CT « D • DFACT. 

CMP ■ AIR VOLUME RATE REOUIREO BY MANPOWER 
OMP ■ OM • HAXMEN 

OOMP «AIR VOL. RATE REQUIRED BY DIESEL HP 
OOMP »00 • TOTHP 

OAV ■ AIR VOL. RATE REQUIRED BY AIR VELOCIT 

07/25/72 

ENVIR 2 
ENVIR 3 
ENVIR 4 
ENVIR 5 
ENVIR 6 
ENVIR 7 
ENVIR 8 
ALL 2 
ALL 3 
ALL 4 
ALL 5 
ALL 6 
ALL 7 
ALL 8 
ALL 9 
ALL 10 
ALL 11 
ALL 12 
ALL 13 
ALL 14 
ENVIRON 2 
ENVIRON 3 
ENVIR 11 
ENVIR 12 
ENVIR 13 
ENVIR 14 
ENVIR 15 
ENVIR 16 
ENVIR 17 
ENVIR 18 
ENVIR 19 
ENVIR 20 
ENVIR 21 
ENVIR 22 
ENVIR 23 
ENVIR 24 
ENVIR 25 
ENVIR 26 
ENVIR 27 
ENVIR 28 
ENVIR 29 
ENVIR 30 
ENVIR 31 
ENVIR 32 
ENVIR 33 
ENVIR 34 
ENVIR 35 
ENVIR 36 
ENVIR 37 
ENVIR 38 
ENVIR 39 
ENVIR 40 
ENVIR 41 
ENVIR 42 
ENVIR 43 

i 

I 
i 

n 
:l 
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i 

COLtT* rO»T«»N 1.3 • AUTO BFL • l07-l?-7?» ENVIR 

OOttS« OAV ■ VAMIN • VFACT 
C OOG(N) > AIR VOL. RATE REQUIRED BY DILUTION 
C OF  GAS N 

900«« 00 50 I « 1.10 
•Nt93 If UMCd) .FO. 0.) GO TO SO 
OOtO« ODGdl > 1.0F6 • QGU) / *HC(I) 
eimo SO CONTINUE 

C OOR ■ DESIGN REOUIHEMENT AIR VOLUME RATE 
•000*2 OHR a Quo 
•0006« IF (ODHP .GT. OOR) OOR « OOMP 
000067 IF (OAV .GT. OOR) OOR *   CAV 
000672 DO 70 I • It 10 
00007« IF «OOGd) .GT. OOR) OOR ■ OOC(I) 
00(101 70 CONTINUfi 

C CHECK DESIGN REQUIREMENT VS ALLOWABLE AIR V 
000103 TAVEL * OHR / VFACT 
000109 IF (TAVEL .LF. VAMAX) GO TO 95 
000107 PRINT 90. YAVFLiVAMAX 
000117 90 FORMAT (33HCVEHTILATION DESIGN RFOUIRE'ENT. .FU.3.OH.EXCEEDS »LL 

•OHABLE AIR VELOCITY IN TUNNEL. tF14.3tl7H. RUN TERMINATED.  ) 
000117 CALL EXIT 

C COMPLETE INITIALIZATION 
000120 »5 FACT! » Cf» / D 
000122 FACT2 » Pi • D 
•00124 FACT2A • FACT? • ITA • SO.) / 2. 
•00127 FACT3 « *A • CPA • 60. 
•••132 FACT« > 1.3 • 0 
00013* TAVELH ■ TAVFL 
000135 INIT ■ I 
000136 IF INEEOIN .FO. 0) GO TO 999 
000137 NFEOIN - 0 
000140 GO TO 100 

C NORMAL ENTRY 
•••140 ENTRY ENVIRC 
000145 TAVEL ■ TAVELH 
00*147 IFdNIT .FO. 1) GO TO 97 
000151 NEFDIN ■ 1 
000152 GO TO 10 

COMPUTING LABOR TIME USED FOR THIS ACTIVITY 

•••152 «7 tCTIME»ECTIMF.OT 
C NOTE ENVIR NEVER STOPS AT PRESENT THIS MAY RE CHANCED IN THE FUTU 

COMPUTING UP TIME 

••0154 ECUTIM>ECUTIH<DT 

COMPiiTING PLANT AND EQUIPMENT COSTS 

009156 ECPLAN<ECPLAN*DX*EVENTP 
CALCULATE COST OF PUMPING WATER OUT OF TUNNEL 

000161 OJ«FC*DJ»<FC»CPUMP«OT«>-0.»(FLOW»OWATR) 
CALCULATE REYNOLDS NUMBER FOR TUNNEL AIL FLOW CONDITIONS 

000165 160 REYNO«TAVEL*0/0.165 

•7/25/72 

ENVIR 44 
ENVIR 45 
ENVIR 46 
ENVIR 47 
ENVIR 4« 
ENVIR 49 
ENVIR 50 
ENVIR 51 
ENVIR 52 
ENVIR 53 
ENVIR 54 
ENVIR 55 
ENVIR 56 
ENVIR 57 
ENVIR 58 
ENVIR 59 
ENVIR 66 
ENVIR 61 
ENVIR 62 
ENVIR 63 
ENVIR 64 
ENVIR 65 
ENVIR 66 
ENVIR 67 
ENVIR 11 
ENVIR 69 
ENVIR TO 
ENVIR 71 
ENVIR 72 
ENVIR 73 
ENVIR 74 
ENVIR 75 
ENVIR 76 
ENVIR 77 
ENVIR 79 
ENVIR 79 
ENVIR 80 
ENVIR 81 
ENVT" 82 
ENVIR 83 
ENVIR 84 
ENVIR 85 
ENVIR 86 
ENVIR 87 
ENVIR 88 
ENVIR 89 
ENVIR 90 
ENVIR 91 
ENVIR 92 
ENVIR 93 
ENVIR 94 
ENVIR 95 
ENVIR 96 
ENVIR 97 
ENVIR 98 

I 
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COLET» TOPTBAN 1.3 • «UTO BFL • (07-12-7?) ENVIR 07/J5/72 

000570 
C 

00017? 
000174 
000177 
000?03 
OOOP03 
000?10 
000?10 

c 
000?15 

C 
000?17 
0003?? 

C 
000??6 

C 
000?30 
000?35 
000237 

C 
000244 
000245 

C 
000245 

C 
000251 

C 
000254 

C 
000257 

C 
000263 
000266 

C 
000271 

C 
000277 

C 
00030? 

c 
000304 
000306 
300311 
000313 
000314 
000314 
000315 
•FOLLOWINR 
IMOVE 
JMETM 
XT 
XOE 
PC 
1»MB 

QOl» = TAVEL • OFACT ENVtB 99 
OE»IVE NUSSELT NO. ESVTR 100 

IF (PFYNO .GF. 10000.) GO TO 1?0 F«JVIR 101 
IF (RFYNO .LF. 2100.1 GO TO 130 FNVIU 102 
R>n)S<;=5.0»(26.7«(REYNO-2100.)/7900.) FVVIR 103 
GO TO 150 ENVIR 104 

120 RNUSS » 0.02 • RETNO •• 0.8 ENVIR 105 
GO TO 150 ENVIR 106 

130 RNUSS = 0.5 • REYNO •• 0.3 ENVIR 107 
CALC HEAT TRANSFER COEFrtCIENT ENVIR 108 

150 HFATC » RNUSS • FACT1 ENVIR 109 
CALC MEAT ADDED TO AIR FROM WALL SURFACE    ENVIR 110 

XWRK=HEATC»(X-XOISCM) ENVIR 111 
QRFAC = (FACT2*XWRK»TR0CK) - (XWRK»FACT?A) ENVIR 11? 

CALC MEAT ADDED TO AIR FROM MACHINERV ENVIR 113 
QMFAC « HEAT / OT ENVIR 114 

CALC TEMPFRATURE AT TUNNEL FACE ENVIR 115 
TDF» (ORFAC ♦ OMFAC) / «FACT3 • ODR) • TA ENVIR 116 
IF CTDF .LE. TO) GO TO 500 ENVIR 117 
IF (TAVEL ♦ 100. .OT. VAMAX) GO TO 400 ENVIR 118 

MAX VELOCITY NOT YET ACHIEVED ENVIR 119 
TAVEL » TAVEL ♦ 100. ENVIR 1?0 
GO TO 100 ENVIR 1?1 

CALC MfCHANICAL REFRIGERATION LOAD ENVIR 1?? 
400 OREFRG ■ OOR • FACT3 • (TDF - TO) ENVIR 1?3 

CALC OPERATING COST OF REFRIGERATION IN OT  ENVIR 1?4 
DJHEC « DJMEC ♦ OREFRG • REFRAT • OT ENVIR 1?5 

SELECT «.UITARLE VENT DUCT VELOCITY ENVIR 126 
500 VOUCT ■ ?3«0. ♦ 0.0483 • ODR ENVIR 127 

CALC FRICITON LOSS OF AIR FLOWU.G IN TUNNEL ENVIR 128 
HTUN « (FKT • X • TAVEL • TAVEL) / FACT4 ENVIR 129 

CALC VENT DUCT DIAMETER ENVIR 130 
XWRK . ODR / (PI • VOUCT) ENV!» 131 
ODUCT « 2. • SORT (XWRK) ENVIR 132 

CALC FRICTION LOSS OF AIR IN VENT DUCT ENVIR 133 
HDUCT « ( FKD» (X-XDISCH) • VDUCT • VOUCT )/( 1.3 • OODCT » ENVIR 134 

CALC AIR HORSEPOWER ENVIR 135 
PAIR = ODR • (HTUN ♦ HOUCT) / 6350. ENVIR 136 

CALC FAN HORSEPOWER ENVIR 137 
PFAN ■ PAIR / 0.75 ENVIR 138 

CALC VENTILATION POWER COST DjPING DT ENVIR 139 
FKWHR « PFAN • 0.7452 • OT ENVIR 140 
DJMEC » DJMEC • PR • FKWMR ENVIR 141 
XI » OREFRG • REFRAT • OT ENVIR 14? 
X? ■ PP • FKWHR ENVIR 143 

999 CONTINUE ENVIR |44 
RETURN ENVIR 145 
END ENVIR 146 

VARIABLES EO HVALENCEO BUT NOT REFERENCED 

1 
B 
0 

i 

i 
1 
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I 
OOLETA roHTRAN  1.3  •  *UTO RFL  •   (OT-12-7?) 

JtWVC 
IMCTM 
xc 

CNVI» 07/25/71 

ß 
I 
B 
E 
I 
{ 
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u. SUBROUTINE MAXADV 

GOLETA FORTRAN 1.3 • AUTO RFL • (07-12-721 

00000? 

000002 
000002 

003002 

000002 
000002 
000002 
000002 
000002 
003002 

c 
000002 
000003 
000005 
000007 
000010 
000010 

c 
000011 
000016 
DC'J0?0 
000081 
000022 
0000?*. 
000.V5 
000027 
000031 
00003«. 
00003h 
CCOD-O 
0030*1 
000041 
ooooo 
oooo** 
0000*5 
•FOLLOWIMG 
IHOVE 
JMETM 
XT 
XOE 
PC 
JMOVE 
IMETH 
XE 
PR 

SUPRODTINE MiXAOV 
COMPUTING APVIUCF EACH DAY IN FEET. STORING MAXIMUM 

COMMON /ALL   / XT.STR.lA.ROn.CS.TAMR.FLOWtlFLAG 
1. AT.D.F.SK.T.OT.X.PR.XMAX.TMAX.OX.DV.TPRINT.DTPHNT.IMOVE.JMEIH 
2. T^MFT.REPOBT.GPPCT.TO.XO.XDISCM.ICHNG.XCHNG.TCHNG 

EOUIVALENCF    (JMOVF.TMOVE).(IMFTH.JMFTM) 
COMMON/MONFY/   JMMHM.DJM.OJHMH.OJHRn.njMBMMtOMAINT.OJMBM.OJMGS 

I,     PMf.S. JMCV.DJMEC.PDPLAN.HPLANT.fiSPLAN 
2t     ECPLAN.>;OTI«E.HTIME(2).0STIME.ECTIME 

COMHON/PFPFBM/   PDijTIM,R0^TIM,UMHTIMtDMHTIM»6SUTlM»6S0TIM.ECUTIM 
1.      ECDTlH.POnY.&AOV.GENO.CBEr. 

COMMON/LAROR/   POMFNi10.2>.HHEN(10.2.2).6SMEN(l0»2»tECMEN«10t?» 
REAL   JMMHM.Ln.LOfl.LBIT.LHURN.LSrEEL.JMCV 
OIMFNilON   G(R) 
EOUIVALENCF (G.XT).tXE.XOE»«(PB.PC) 
OATA   INIT.NEFDIN/2»0/' 
DATA   OLDX.ROllT/2»0./ 

INITIALI7ATION 
INIT^l 

0.) TSHFT«2<.. IF (TSHFT .EO. 
OLOX=X 
IFCNFEOIN .EQ. 0) GO TO <»99 
NFEOIN=0 
GO TO 15 
KiOPMAL   ENTRY 
ENTRY   MAXAOW 

10   IFdNIT   .FO.   1)   GO  TO   15 
SrEOINrl 
60 TO 1 

15 RnuT»OOUTIM-POUT 
IF(PnuT .FO. O.) 60 TO <)t<) 
«nvV=(X-OLOX)/l»DUT 
IF(AOVV .LE. OADVI GO TO 999 
GDAY.(T-TO)/?<.. 
OEND=X-XDISCH 
6RFG-0Lnx-X0ISCM 
GAOVsAOVV 

999 CONTINUE 
OLOX«X 
RmiTsflOUTTM 
RFTURN 
END 

VARIABLES EOU1VALENCED HUT NOT RfFEBENCEO 

07/25/72 

REPORT 2 
REPORT 3 
REPORT 4 
ALL 2 
ALL 3 
ALL 4 
ALL 5 
ALL 6 
ALL 7 
ALL B 
ALL 9 
ALL 10 
ALL 11 
ALL 1? 
ALL 13 
ALL I* 
REPORT 6 
REPORT 7 
REPORT 8 
REPORT 9 
REPORT 10 
REPORT 11 
REPORT 12 
RFPORT 13 
REPORT I* 
REPORT 15 
REPORT 16 
REPORT 17 
REPORT IB 
REPORT 19 
RFPORT 20 
REPORT 21 
REPORT 22 
REPORT 23 
REPORT 24 
REPORT 25 
RFPORT 26 
REPORT 27 
REPORT 28 
REPORT 29 
REPORT 30 
REPORT 31 
REPORT 32 

1 
1 
I 
1 

1 

1 
1 
D 
[1 

e 

i 
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V. SUBROUTINE REPORR 

GOLETA  rol»TB*N   1.3   •   »OTO   RfL   •   (07-I?-72) 07/75/72 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

000002 

00000? 
000002 

000002 

000002 
000002 
000002 
000002 
000002 
000002 
000002 

000002 
00C002 

000002 

SUBROUTISE   RfPOPP 

PRINTING   INTF»IM   PfRrOBM«NCF   PFPORT 

COMMON   /ALL        /   XT.'.TR.U.PQmCStTAMB.rLOW.IFLAr, 
1«      AT.n.F.SK.TiDT.X.PP.KMAK.Tmx.nx.DViTPRINT.DTPRNTtlMOVE.JMFTH 
2.      TSHFI .PF P0RT,GPPCTtT0.X0i«l)I5rM,ICMNG»XCMNG»iCHNG 
eouivALFsrr  UMOvftttovci•(IKFTMIJMETH) 

COMMON/MnNt-Y/   JvHHM.njM.njMMH.pJMRn.DJMBMM.DHAINTtOJMBM.njMGS 
1. PMr.s. Jurv.njMFCiPDPLAN.HPLANTiG'iPLAN 
2. ECPLAS.onTIUF.HTIMFI?! . GST IMF.ECTJME 

COMMON/PforRM/  RDHTIM.RDOTIM.UHHTIM.DMHTIM.GSUTIM.GSDTTM.ECUTIM 
1.     FrnTIH.r.DAY.GAnv.GFNOtGflFf. 
COMMO^/L««nw/   RnxFNdOt?) tHMEN (1 0.2.21 tG5MEN(10t2>tECHEN(IOt2) 
RFAL   JMMHH.Ln.LDR.LRlT.LRURN.LSTEEL.JMCV 
DIMENSION   r.(P) 
EQUIVALENCE (G.XT).(XF.XDF».IPR.PC) 
DATA   INIT.NFrOpJ/a«0/ 
DIMENSION   IV.1L(?0) 
COMMON/TFr.T/vALUF( 301 .NANFOO 
l.IHFAn(110».JHF«n(l00) 
FOlJIVALFSrt" (IViL.VALUE) 
DATA  IHFin/7HINTrRIM,7H PFRFOR. 7HMANCE R«7HFPfRTS . 
17HDAYS S1.7HNCE C0»4«7MMENCE0 . 7HEXCAVAT.''HING    .?»7H       t 
27HHEAniNr,,7H P0SITI.7MON(FFFT.7H)      .2«7H       i 
37HAVEPAGEi7H AOVANCTHF RATE (. 7HFFET/0P. 7HERAT 1NG. 7M HOUR) t 
«7HMAXIMUM,7H DAILY .7HAQVANCE.7HnAYS SI.7HNCE COM,7HMENCFO t 
57HExr«VAT.7HING    .7H       .4H    .7HHEADING.7H POSITI. 
67H0N-RFGI.7H',NINf. 0.7hF THAT . 7HnAY (FEE .«MT»   .7HHEADING. 
77M POSITI,7mN-FNO .7HOF THAT,7M DAY(FE.7HET>    .4H    .7HAVERAGE 
8.7M RATE F,7HOP THAT.7H DAY(FE.7HFT/0PER.7HATING H.4H0UH). 
97HCU««ULATf7HIvr SIJS.7MSYSTFM .7HPFWF0RM , AHANCF ... 7MELFMENT. 
Ä7H/MEASUR.7nr      .7H    OPE.7HRATIONA,7HL      .7H      S. 
B7HURSYSTE.7HM      .7MAVAILAB,7HILITY« .7H       ,7H  UTILI. 
C7H?ATION.,?H. ,t)«7H ,?M—.7W.OPERAT.7MIONÄL A, 7HVAILA(I| . 
07HLITY=(T,7Hr,TAL SH.7HIFT TIM,7HE-D0WN . 7HIIME I/T .7HOTAL SH. 
E7HIFT TIM,1HF.7H..SIIBSY.7MSTEM UT. 7HIL1 ZATI .7M0N= (T0T.7HAL SHIP. 
F7HT TIME«l7HnO«N TI.7hMF-IDLF.7H TIME)/,7HTOTAL S.7HHIFT TI. 
G2HME/ 
DATA  JHrAD/7HlNTFRIM,7M COST R.7MFPORT  .7HDAYS SI.7HNCF COM, 
17HMFNCfD .7HrxrAVAT.7MlNri    . 7H       .IM   .7HAVFRAGF. 7H TOST P. 
2 7HER IN S.7'<1TU Cun.7NlC YARD.7M EXCAVA . 3MTEO. 7HAVERAGE. 
<.7H COST P.7MFR F00T,7M OF TUN.7HNEL    ^M       . 3H   .7MCUMULAT, 
S7HIVE COS,7HT SUMMA.7HRY TO D.7HATE..(D.7HOLLARS).7MELFMFNT. 

PL.7HANT 
OVE.7H» 

i7H     JO. 
.7M ELEMEN.JHT. 

67H/CATEG0.7HRY .7HOIRFCT .7H 
67HB .7H PERM,7MANENT . 7H 
77HLAROR  . 
7        7H    EOU.7HIPMENT ,7M 
B7HrRitLS .7H    HE.7HA0     .7H 
(J14.7H ,3M . 
A7HGE0LDGY.7H CHANGE.*MO AT.5M OAYS.7M FEET F.7MR0M P0R,4HTAL., 
A7HNEW CHA. 
B7MRACTERI.7HSTICS A.7MHE.  UN.7HCONFINE,7M0 COMPR .7MESSIVE t 
C7H5TRENGT.5HM(KSI)/ 

MAT.7HFRIALS .7H 
TOTAL. 1'<»7M—— 

MAT. 
.3H—. 

RFPOPT 
REPORT 
RFPOBT 
REPORT 
ALL 
ALL 
ALL 
*LL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
REPORT 
TEST 
TEST 
TEST 
TEST 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 
RFPORT 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 
RFPORT 
REPORT 
REPORT 
RFPORT 
REPORT 
REPORT 
REPORT 
RFPORT 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 
REPORT 

33 
3* 
35 
36 
2 
3 
« 
5 
6 
7 
8 
9 

10 
II 
12 
13 
H 
38 
2 
3 
4 
5 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
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GOLET* FOBTRUN 1.3 • »UTO RFL • l07-I?-72> REPORR 

00000? 
000003 
000005 
000007 
030010 
oooon 

oooon 
000016 
O000?0 
000021 

0000?? 
0000?5 
000026 

000030 

000033 
000036 
000036 

00007? 

00007? 

000136 

003136 
000150 
003150 
000153 
000154 
00016«. 
030164 
000167 
000170 
OOO'OO 
(>O0?OO 
CC0P03 
000?04 
000?1<. 
OOO?!*. 
000?17 
000??0 
000?30 
000?30 
000?*? 
000?4? 

INITIALIZ*TI0M 

1 INIT=1 
TFI»FPORT .CO. 0.) REPORT»?*. 
ir{T5HFT .EQ. 0.) TSHFT-?*. 
IF(NEEDIN .EQ. 0) GO TO 999 
NFEOIN=0 
GO TO 3 

NORMAL ENTRY 

ENTRY HEPORS 
IFMNTT .EO. I) 00 TO 3 
NFFOIN =1 

COMPUTING DAY OF REPORT «NO AVERAGE ADVANCE 

3 OAYS=(T-TO)/?*. 
T5HFT=T-TO 
AOVX-XDISCK 

OPERATING TIME !S ASSUMED TO BE ROCK IMS INTEGRATION UP TIME 
AVG«r)Vi<X-XO>/RDUTIM 

PRINTING INTERIM PERFORMANCE REPORTS 

PRINT <. 

* POiN?T5lKHFAn(I).I=.l.I0».0AYS.(IHEAO(I».I-»2.l7».AOV,(lHEA0<I). 

5,F05MAn/*//.*6X.<.A7,////.?6X.6A7.FI0.3.//t261<.6*7.F10.3.//»?6X. 

lpRINT,°o'(IHrAr)(I).I'?'..33|.GOAY,(IMEAO(I>.I»3*.*0».GnEG.nMEAO(I) 

l.I>M.A7).GF'jn.tIHEA0(ntI»*«i5*).GA0V , .., , ,.   „, 
40 F0aMAT(/.?6X,3A7.//.34X.6A7,A'.,F10.3.//t3<.Xt6A7.A*.ri0.3.//.3«Xt 

16A7»A4.FI0.3.//.3'.X.6A7>A4.F10.3I 
PRINT 80.IIHrAO(I).I=55.84» 

RO F09M«T(/.?6X.<.A7,A6.//.?6X,9A7f//.51X.5AT.A2t//f?6Xt9A7tA2) 

0PTl':=(T5HFT-(?nnTTM)/T8HFT 
U<;r Tl«sR0UTI"/T5HFT 
PRINT 1?0.0PTI«.ÜSETIM   

1?0 F09MAT(//.?5x.l9H ROCK FRAGMENTATION  tFl3.3«IOXtFl3.3» 
0PTIM=(TSHFT-OMMTIMI/TSHFT 
U^FTIMiUMH»l"/TSHFI 
PRINT nO.OPTIH.USETIM 

130 F0SMAT(/.?5X.19M MATERIALS HANDLING 
OPTI»=<T5HFT-r.5DTIM>/TSMFT 
U5FT:M=G5UTIM/T5HFT 
PRINT 1<.O.OPTIM,U5ETIM 

140 FO'MATl/  t?5X.19H GROUND SUPPORT 
OPTIM=(TSHFT-ECDT.IM)/TSMFT 
U5ETIM=ECüTIM/TSMFT 
PRINT 150.0PTIM.USETIM 

ISO FORMAT(/.?5X.??M ENVIRONMENTAL CONTROL 
PRINT 160.«lHEAO(I)tI»85.I07) 

160 FORMAT (//i?5XtI0A7t Al.///.24X,UA7.A2» 

999 CONTINUE 

.Fl3.3.10X.ri3.3» 

,F»3.3.10X,n3.3> 

*rio.3tioxtri3.3) 

07/?5/72 

REPORT 73 
REPORT 74 
RFPORT 75 
RfPORT 76 
REPORT 77 
REPORT 78 
REPORT 79 
REPORT 80 
RFPORT 81 
REPORT e? 
REPORT 83 
REPORT 84 
REPORT 85 
RFPORT 86 
REPORT 87 
REPORT 88 
REPORT 89 
REPORT 90 
REPORT 91 
RFPORT 92 
RFPORT 93 
REPORT 94 
REPORT 95 
REPORT 96 
REPORT 97 
REPORT 98 
REPORT 99 
REPORT 100 
REPORT 101 
REPORT 10? 
RFPORT 103 
RFPORT 104 
REPORT 105 
RFPORr )06 
REPORT 107 
REPORT 108 
REPORT J09 
REPORT 110 
REPORT in 
REPORT 112 
REPORT 113 
REPORT 11* 
REPORT 115 
REPORT 116 
REPORT 117 
REPORT Jlf 
REPORT 119 
REPORT 1?0 
REPORT 121 
REPORT 122 
REPORT 123 
REPORT 12* 
REPORT 125 
REPORT 126 
REPORT 127 
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r.OLETA fOOTRAN 1.3 • AUTO BFL • (07-l?-72) BEPORR 

000?^ 
ooo?* 
•FOU 
IMOVE 
JHETH 
XT 
XOE 
PC 
JMOVE 
IMETH 
XE 
PR 

2 RFTURN 
3 END 
ONI^JG VARIABLES EQUIVALENCEO BUT NOT REFERENCED 

REPORT 
REPORT 

07/25/72 

1?8 
129 
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w. SUBROUTINE REPORC 

GOLET* rn»TR*N 1.3 • *UTO RFL • <07-l?-7?> 

000002 

ooooc? 
000002 

000002 

C00002 
000002 
000002 
000002 
000302 
000002 

000002 

000002 
000002 
000003 
000005 
000007 
C00011 
000012 
000014 
000015 
000016 
000017 
00C020 
000020 

000021 
000026 
000030 
000031 
000032 
000034 
000035 
000040 
000041 
000042 

O0CO44 
000045 
000046 
000047 
000050 
000051 
000053 

SUBROUTINE RFP1RC 

PRINTING INTERIM COST REPORT 

COHMON /ALL   / XT.STR,I»,ROO.CS.T»MB,rLO*tIFL»G   
1. AT.n,E.SKfT.DT,X,PR.XM*x,TM«I.nX.OV,TPRINT.OTPRNT.IMOVE.J«ETM 
2, TSHFT,RrPORT.OPPCT.TO.XO.KDI5CH,ICHNOtXCHNC.TCHNO 
fOUIVALFNCE (JHOVF.IMOVEI•(IHETH.JMEfH) 
COMMON/MONEY/   JMMHM.OJM.OJMMH.OJMROtDJMBMM.OMMNTfOJMBMtnJMCS 

|(     PMr.StJMCV,OJMFC.ROPLANtHPL»NT,GSPL»N 
2.     ECPL»N.Rr)TIHE.HTIMF(21.GSTIME.ECTIME „,.,,,„  .„_.„  crllT.u 

COHMON/PERFR"/  R0l)TlM,R00TIM,UMMTIHi0MHTIM,6SUTlH.GSDTTH.ECUTIM 

1,     ECOTIM.GOAY.GAnVtGFND.GRFG „„,„...   ,.   „uruM«   •« 
COMMON/LAOOR/  ROMFN(IOt2) .MMEN110.2t<.) »GSMENi 10.21 tECMEN< 10.2) 
REAL  JHHHM.Ln.LOB.LBIT.LBURN.LSTEEL.JMCV 
DIMENSION  G(R> 
EQUIVALENCE   (6.XT) . (XE.XDE) . «>»»».PC» 
DIMENSION   IV«L(20) 
COMi40N/TE5T/VALUE(30).NAME(30) 

l.IHFAO(llO).JHEAO(IOO) 
EOUIVALENCE (IVAL.VALUE) 
IN1T1AL!?ATI0N 

DIMCNSIO^ ELEMEN(4.6).T0TAL«6) 
1 INIT=1 

IFIOPPCT .FO. 0.) OPPCT«.20 
IFIRFPORI .EO. 0.) REPORT»*. 
DO 2 1=1.2 
MTIHF(I1»0 

2 CONTINUE 
GSTIMF=0. 
RDTIMF^O. 
ECTIMFxO, 
IFINFEOIN .EO. 0) GO TO 999 
NFEDIN=0 
GO TO 3 
NjBMAL ENTRY 

ENTRY REPORD 
IF (INIT .EO. I) GO TO 3 
NFFOINil 
GO TO 1 

3 )0 5 I»1.4 
DO 4 J'1.6 
ELEMf:N(I.J)»0. 
TOTAL(J)I0. 

4 CONTINUE 
5 CONTINUE 

COMPUTE JOB MATERIAL .PLANT AND EOU1PMENT COSTS FOR FACH PROCESS 
ELFMFN11.4)«0. 
ELFMEN(2.4l»n. 
ELEMEN(4.4)=0. 
ELEMFN(3.3)='0. 
ELEMEN(l.2)»ROPLAN 
ELrMEN(2f2)»hPLANT 
ELEMEN(3.2)«GSPLAN 

07/25/72 

RFPORT 130 
REPORT 131 
REPORT 132 
REPORT 133 
ALL 2 
ALL 3 
ALL A 
ALL 5 
ALL 6 
ALL 7 
ALL 8 
ALL 9 
ALL 10 
ALL 11 
ALL 12 
AIL 13 
ALL 14 
TEST 2 
TEST 3 
TEST 4 
TEST 5 
REPORT 136 
REPORT 137 
REPORT 138 
REPORT 139 
REPORT 140 
REPORT 1*1 
REPORT 142 
REPORT 143 
REPORT 1*4 
REPORT 145 
REPORT 146 
REPORT 1*7 
REPORT 1*8 
REPORT 149 
REPORT 150 
REPORT 151 
REPORT 152 
REPORT 153 
REPORT 154 
REPORT 155 
REPORT 156 
REPORT 157 
REPORT 158 
RFPORT 159 
REPORT 160 
REPORT 161 
REPORT 162 
REPORT 163 
REPORT 164 
REPORT 165 
REPORT )66 
REPORT 167 
REPORT 168 
REPORT 169 
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GOLET» FOBTP»N 1.3 • AUTO RFL • (07-l?-72> REPORC 

000054 
000056 
000060 
000061 
000063 

00006*. 
09066 
000072 
000076 
000102 
000104 
000105 
000106 
000117 
000121 
000123 
000124 
000125 
000133 
00013S 
000137 
000140 
300141 
000146 
000150 
00015? 
000153 
000154 
0C0162 
000163 
000165 
000170 
000176 
000200 
000204 
000204 

000240 

000240 
000252 
000252 
000264 

000264 
000276 

000276 
000310 

000310 
000322 

ELEMEW(4.?)=FCPL«N 
FLEMFN(1.3)=nJHR0»OJMRH 
ELFMEN(2.3)=njHHH 
ELFMEN(3.4)»PMGS 
ELFMEN(4,1)=njHEC 

COMPUTING LABOR COSTS FOP EACH GENERAL PROCESS 

7 
70 

12 
13 

14 

15 

SO 

90 

100 

110 

120 

00 6 1=1.1 
ELEMFNd.l 
ELFMENO.l 
ELEMENt4,l 
CONTINUE 
00 70 J=l. 
00 7 1=1,1 
ELEHEN(?.l 
CONTINUE 
CONTINUE 
00 9 1=1,4 
00 8 J=l,4 
EL EHEN (1.5 
CONTINUE 
CONTINUE 
00 11 1=1. 
DO 10 J=l. 
t'LFHFNd.fc 
CONTINUE 
CONTINUE 
00 13 1=1, 
00 12 Jal, 
TOTAL(J)=T 
CONTINUE 
CONTINUE 
0AY5=(T-TO 
«CVA3n»TOT 
ACFOOT*TOT 
PP'NT 14 
F0PM»T(1M1 
PRINT 15, 
KJMEAim», 
FORMAT(/// 
26A7,A3,Fn 
PRINT «0,( 
FOOMATI//, 
PRINT 90. ( 
FORMAT(/ 
111.2.F10.? 
PRINT 100. 
FORMAT(  / 

1 1«,F11.2, 
PRINT 110. 
FORMAT!/ 

1 F11.2.F10 
PRINT 120. 
FORMAT«/ 

)=FLFMEN(l.l)»RnMEN(I.l)»R0MEN(I.2)«R0TIME 
)=ELEMFN(3.1).GSMEN(I.1)»GSMEN(I.2)«GSTIME 
)=ELEMEN(4,1» «ECMEN(1,11»ECMEN«!.2>»ECTIME 

2 
0 
)sELEMEN(2,n«HMEN(I,I,J)«HMEN«I,2,J»»HTIME(J) 

)=ELFMEN(1,5)•OPPCT»ELEMEN(I.J> 

4 
5 
t»ELEMEN(I»6»«£LEMEN(I.J) 

4 
6 
OT*L(J)»ELEMEN(I,JI 

)/?4. 
«L(6»»10B./(3.1415»(D"2)»(X-X0)) 
AL(6>/(X-X0) 

) 
(jHfAO(I).t'1.10).0«YS,(JHEAD(I),I-ll,17),ACYARD, 
T=lft,24),ACF00T 
,4()X,3A7,///ex,6A7,«3,ri4.3,//,ax,6A7,A3,F13.2.//.8X. 
.?) 
JHFÄ0(I),I=2S,69I 
flX,6&7.//.«X.13A7.Al,/.29X.10A .//,8X.14A7.A3) 
FL^«CN(1.J),J=1.6I 
.T«, ??M BOCK FRAGMENTATION    ,F9,2,n1.2,3X,ri1.2,3X,F 
,ri?.?) 
(ELFMrN(2,J),J=I,6) 
,7i,27H MATERIALS HANDLING     ,r9.2,r11.2,3X,FI1.2, 
F10.2,F12.2I 
(FLEMrN(3,J),J=l,6> 
7X.2?H GROUMO SUPPORT ,E9.2,F11.?,3X,F11.?,3X, 
.?,F12.2) 
(ELEMEN(4,J),J=1,6) 
,7x,22H ENVIRONMENTAL CONTROL    •r9.2,n1.2,3X,F11.2,3X 

VI-123 

07/25/7? 

REPORT 170 
REPORT 171 
REPORT 172 
REPORT »73 
REPORT 174 
REPORT 175 
REPORT 176 
REPORT 177 
REPORT 178 
REPORT 179 
REPORT ISO 
REPORT 181 
REPORT 182 
REPORT 183 
REPORT 184 
REPORT |85 
RFPORT 186 
REPORT 187 
REPORT 188 
REPORT 189 
REPORT 190 
REPORT 191 
REPORT 192 
REPORT 193 
REPORT 194 
REPORT 195 
REPORT 196 
REPORT 197 
REPO )T 198 
REPt.RT 199 
REPORT 200 
REPORT ?01 
REPORT 202 
REPORT 203 
REPORT 204 
REPORT 205 
REPORT 206 
REPORT ?07 
REPORT 208 
REPORT 209 
REPORT 210 
REPORT 211 
REPORT 212 
REPORT ?n 
REPORT 214 
REPORT 215 
REPORT 216 
Rf PORT 217 
REPORT 218 
REPORT ?l» 
REPORT 221 
REPORT 22 

222 REPORT 
REPORT 223 
REPORT 224 



I 

GOUET» F0RTP4N 1.3 • *UTO HFL • 107-12-72» REPORC 

000322 
00033'. 
000334 
000346 

000346 
000347 
000350 

000403 
000403 
000411 
000411 
000417 
000417 
000425 
00042S 
000433 
000433 
000441 
000441 
000441 
000442 
•FOLLOWING 
HOVE 
JMETH 
XT 
XOE 
PC 
JMOVE 
IMETH 
XE 
PR 

.r9.2tni.2fFi*.2tn«.2t 

1^11.2^10.2^12.2) 
PRINT 130.UMEAO(I).I»70.MI 

130 F0RN»T(/»flXtl4»7t»3) 
PRINT 140. (T0T»L(J>.J»li6»  

140 FORM»!«//  7«,22H CATEGORY TOTAL 
1F10.2.F12.2> 
IFdCHNG .EO. 0) GO TO «m 

jRINTJ!:i50,UHE»O(n.I^5.97).TCMNO.UHE*O«I».I-e«.88»,XCHNG, 

lM
l^t?{J/;!;5!«?tU^?o.3.*».ri«.3,t*T.^.///.i»ui»T.w.ri».M 
PRINT 165.IA ... 

165 FORMAT(51X,37H ABRASIVE^ESS 
PRINT 170.ROD ri> ^i 

170 FORHAT(51X,37H BOCK QUALITY 0ESI6NATIOM .F12.41 

,80 ro5STAT(JlJ"7H IN SITU 0ENSITY.LBS/rT..3» '^2.4. 

„0 ?SJHTAT
,
.5?;"37S AMBIENT TEMPERATURE,OEG H ."2.*» 

PRINT 200<FLOM ri9 4| 
200 F0RMAT(S1X.37H WATER INFLOW<CAL/MIN» •F««*> 
999 CONTINUE 

RETURN 
END 

VARIABLES EQUIVALENCEO BUT NOT REFERENCED 

07/25/72 

REPORT 2?5 
HfPORT 226 
REPORT 2?7 
REPORT 22B 
REPORT 229 
REPORT 230 
REPORT 231 
REPORT 232 
REPORT 233 
REPORT 23« 
REPORT 235 
REPORT 236 
REPORT 237 
REPORT 238 
REPORT 239 
REPORT 240 
REPORT 241 
REPORT 242 
REPORT 243 
REPORT 244 
REPORT 2*5 
REPORT 246 
REPORT 2*7 
REPORT 2*8 
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SUBROUTINE HOLBRN (ICYCLE) 

000003 

000003 
000003 

000003 
000003 

000003 
000003 
000005 
000005 
000006 
000007 

000017 
ooooao 
00002S 
000030 
00003<. 
000037 
oooco 
0000<t3 
0000^6 
00005? 
000063 

000066 
000073 
000076 
000103 
000105 
000107 
000120 

000120 
00012? 
000123 
000124 
0001?* 
000130 
00013? 
00013? 
000143 
000154 
000154 
00016? 
000163 

51IRO0UTINE HflLRRNdCYCLE) 
COMMON/ALL/ XT.STR.IAtRODtCS.TAMR,FLOW.IFLAGfAT.D.F.SK.T.OT.X.PR 

If  XMiX.TMAX.TO.XO.XDISCH 
?.OX,DV 
COMMON/MONEY/ OJMRD 
COMMON/BLAfiT/ AOfl.ADH.   CBIT.CRURH.CCAP.CFX .CM.CPL.CSTFFL fLRIT 

It      LflURN.LOfLOR.LSTEEL.MEN.Nn.NH.NMB.PF.POB.POO.TCHG.TrN.TOUT 
?,TYPFPF.tfPL 
COMHON/OLDCOM/ JUMIN»JUMOUT.NCHRGfNDRILB.NDRILL 
COMMON/NEWCOM/LJUMIN.LJUMOTfLNCHPG.LNORLB.LNDHIL 

ELEMENT - ROCK OISINTEGRATION 
GENERAL PROCESS - DRILL AND BLAST 
ACTIVITY - DRILL HOLES OF BURN PATERN 
TECHNIQUE - PURCUSSION 0RIFTS9 AND BURN CUT DRILLS 

DATA TIMED.TIMFB,PHI.5F.RD.TD.RDB.TDB /8»0./ 
IFUCYlLE .NF.  1 ) GO TO 50 
NnBILL»1 

NIQILBsO 
ICYCLF ■ 50 
IF (NH .NF. 0 .AND. ND .NF. 0 .AND. LD .NE. 0» GO TO 10 
OPTION ? 
PHI = 1.0 
NH = INT (( D »0.1»O»D)»PHI ♦ .5) 
NO = INT (NH/fl.O » .5) 
IF (O.GT.15.) NHB »3 
IF (D.LE.15.) NHB =2 
NDB = 1 
LD = DX ♦ 1.0 
LDR=DX»1.0 

10 IF(STP .GT. 50.01 SE=60. 
IF (STP .LT. 50.01 SE=15.»FXP(0.031»STR) 
Rn=i.qBE3»POn/(ADH»SE) 
TIME TO DRILL HOLES 
Tn = LD/RD • NH/ND 
RDB=1.9SE3»P0H/(ADB»SE) 
TDB=LDB/RDB • NHH/NDR 
TTMED=TD 
TIMEB=TDB 
PRINT ?0.TD.TDB.NH 

J FORMAT (» TIME TO DRILL HOLES - TD=».F10.5. 
•   • NO. OF HOLES =».I10) 
KFrP TRACK OF TIME AND COSTS 

50 TlMEDrTIMED-OT 
TIMEB=TIMEB-nT 
LNORIL=0 
LNDRLB=0 
IF (TIMED.GT. 0.0) GO TO 60 
IFINDRILL .EO. I) GO TO 57 
LNDRIL = 1 
IE (LBIT .LE.0.0 .OR.  LSTEEL .LF. 0.0) GO TO 55 
DJMRD= CBIT/LBIT • NH« LD ♦ CSTFEL • LD • NH/LSTEEL .DJMRD 
GO TO 60 

55 0JMRD= .1»NH»LD . 0.25 • .1»NH«LD ♦ DJMRD 
GO TO 60 

57 LNDRIL'l 

TDB=».FI0.5/ 

000164 60 IF (TIMEB .GT. 0.0) RETURN 
000166 IF(NDPILB .En. I) GO TO 67 
000170 LNDRLB'l 
000171 IF (LBURN .LF. 0.0 .OR.  LSTEEL .LE. 0.0) GO TO 65 
000201 DJMPD=CRURN/LflURN«NHB»LDB»CSTEEL»LDB»NHB/LSTEEL«DJMRD 
000212 GO TO 70 
000212 65 0 )MRD=.25».MNHB»L0B»DJMRD 
000217 GO TO 70 
000217 67 LNORLB»! 
000220 70   RETURN 
000221 END 
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Y.    SUBROUTINE MOVEIN (ICYCLE) 

000003 
000003 

000003 
000003 

000003 
000003 
000003 
000003 
000006 
000006 
000007 
000012 
000013 
000015 
000020 
000021 
000025 
000026 
000026 
300030 
000032 
000034 
000035 
000037 
000040 

C 
C 
C 
C 
C 
C 
c 

7 
ft 

10 

ci.RROUTINF MOVFIN (ICYCLE) 

ELFMENT - ROCK FRAGMENTATION 
GENERAL PROCFSS - DRILL AND RLAST 
ACTIVITY - REPOSITION AND ALIGN DRILLING EQUIPMENT 
TECHNIQUE - DRILL JUMRO (FULL FACE) 

COMMON /GRND/ PSST(60»9) „ 0_   __ COMMON/ALL/ XT«STR»IA»RQD«CS«TAMB.FLOW»IFLAG»AT.D.F»SK,T,DT,X,PR 
It  XMAXfTMAX,TO»XO»XDISCH 
2,DX»D\/ 
COMMON/MONEY/ DJMRD mmtiltttt    ,  Tir 
COMMON/RLAST/ ADRtADH,   CPIT,CHURN»CCAP.CEX,CM,CPL»CSTFrL»LRIT 

1,  LRURN.L0»LDR.L5TEEL«MEN»NDtNH.NHB»PF,P0B»P0D.TCHG»TTN,T0l)T 
?«TYPEPFfWPL 
COMMON/OLDCOM/ JU^IN»JUMOUT»NCHPG»NDRILR*NDRILL 
COMMON/NEWCOM/LJUMINfLJUMOT»LNCHRG,LNDRLP»LNDRIL 
DATA TT/0./ 
IF (ICYCLE .GT. 1)GO TO 10 
JUMIN=0 
ICYCLE = 50 
IF (TIN .LE. 0,0) TIN=.25 
TT=TIN 
DO 5 I=ltl5 
IF(PSST(I»l) 

5 CONTINUE 
6 IF(PSST(I.3) 

DX=PSST(I.3) 
GO TO R 
DX=10, 
DV=AT»DX 
TT=TT-DT 
LJUMIN=0 
IF(TT .LE. 0.0) 
RETURN 
END 

.LE. 

.GT. 

ROD)   GO  TO  6 

10.)   GO   TO   7 

LJUMIN=1 

1 
I 
1 
1 

I 
"I 

D 

i 
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Z.    SUBROUTINE MOVOUT (ICYCLE) 

000003 

000003 
000003 

000003 
000003 
000003 
000003 
000006 
000006 
000007 

000012 
000013 
OOOOl«» 
000015 
000020 
000021 

C 
C 
C 
c 
c 
c 

10 

5UPROUTINE MOVOUT (ICYCLE) 

ELEMENT - ROCK ERAGMENTATION 
GENERAL PROCESS - DRILL AND BLAST 
ACTIVITY - MOVE OUT DRILLING EQUIPMENT AND BLAST 
TECHNIQUE - DRILL JUMBO (EULL EACE) 

COMMON/ALL/ XT»STPtIAfRQD«CS»TAMB.FLOW»IELAG,AT«D»E»SK»T.DT,X»PR 
1,  XMAX.TMAXtTOtXOfXOISCH 
?*nx»Dv 
COMMON/MONEY/ DJMRD 
COMMON/BLAST/ ADB»ADH*   CBlT»CBURN»CCAPtCEX«CM»CPL»CSTFEL»LBlT 

1«  LBURNfLO♦LDP♦LSTEEL»MEN.ND♦NH»NHB•PE»POB»POD»TCHG»TIN»TOUT 
2»TYPEPE»WPL 
COMMON/OLDCOM/ JUMIN»JUMOUT»NCHRG«NDRILB.NDRILL 
COMMON/NEWCOM/LJUMIN»LJUMOT»LNCHRG»LNDRLfi»LNDRIL 
DATA TT/0./ 
IE (ICYCLE .GT. 1) GO TO 10 
ICYCLE = 50 
JUMOUT=0 
IE (TOUT .LE. 0.0) T0UT=.25 
SET INITIAL CONDITIONS 
TT=TOüT 
TT=TT-DT 
LJUMOT=0 
IE(TT .LE. 0.0) LJUMOT=l 
RFTURN 
END 
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000003 

0000C3 
000003 

000003 
090003 

AA.       SUBROUTINE  SETCHG   (ICYCLE) 

SHRROUTINE   SFTCHG(ICYCLE) 
COMMON/ALL/   XT,STP»IA»RQD.CS,TAMR,FLOW,IFLAG»AT,n.r»SK.T.OT,X,PR 

1»      XMAX.TMAX.TO»XO»XDISCH 
?»nx,nv 
COMMON/MONFY/ nJMRO 
COMMON/BLAST/ ADBtADH,   CRIT.CRURNNCCAP.CEX,CMtC.JL.CSTFFL »LRIT 

1.  LRIIRN»Ln»LDR»LSTFEL.MEN»ND.NH»MHB<PF»POR»Pür)»TCHGfTIN.TOlJT 
?»TYPFPF«WPL 
COMMOM/OLDCOM/ JUMIN»JUMOUTtMCHRGfMDRILB»N0RILL 
COMMON/NEWCOM/LJlJMIN,LJUMOTfLNCHRG.LNORLR.LNORIL 

000003 
000003 
000005 
000005 
000006 
000007 
000011 
000012 
0O0OU 
000015 
000017 
000020 
000022 
000023 
000024 
000025 
000026 
000030 
000031 

000033 
0000^1 

000044 
000047 
000052 
000055 
000056 
000061 
000063 
000073 
000075 
000075 
000100 
000101 
000113 
000113 
000113 

C 
C 
C 
C 
C 
C 

ELEMENT - ROCK DISINTEGRATION 
GENERAL PROCESS - DRILL AND BLAST 
ACTIVITY - SET CHARGE 
TECHNIQUE = INDIVIDUAL HAND MFTHOD OR AUTOMATED 

/4*0./ 
GO YO 

DATA CE»WEX,nTS»TT 
IF (ICYCLE »HI,   1) GO fO 30 
ICYCLE = 50 
NCHRGsO 
IF (PF .NE. 0.0) GO TO 20 

10 IF(TYPEPF .NE. 3.) GO TO 15 
CE = 50. 
WPL=0.5 
CCAP=0,3 
CPL=0.2 
CFX = 0.06 
CM = 1. 
GO TO 18 

15 CE = 70. 
WPL=0. 
CPL=0. 
CCAP = 0.3 
CEX r 0.3 

CM = 1, 
COMPUTE POWDER REOUIRED 
PF=(?7./1^)»(ADH»CE/AT»»NH 
WEX = PF/27.0 » AT » DX 
COMPUTE TIME TD SET CHARGES 
IF (TCHG.LE. 0.0) TCHG = 4./60. 
IFfMFN .GT. 0) GO TO 21 
TMrN=NH/fl.*.5 
«FN=INT(TMEN) 
DTS=TCHG«NH/MEN 
TT=DTS 
PRINT 25»PF,nTS 
TT=TT-DT 
LNCHRG=0 
IF(TT .GT, 0,0) RETURN 
LNCHRG = 1 

DJMRD=DJMRD»NH»(WPL»CPL)*NH»CCAP*WFX»CEX*OX*CM 
FORMAT (•  POWDER FACT0R=*.F10.5,5X.»TIME TO SET CHARGFS=»,F10.5) 
RETURN 
END VT-128 

1« 
?0 

21 

30 

25 

I 
1 
1 
1 
1 
1 

0 
Q 

I 
: 

i 
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BB.       SUBROUTINE JETIMF 

SUBROUTINE   JFTIMP 

rr rvF^T   -   »OCK   1! c, I JTFnSAT ION 
&FNF.''«L   P93CFS<<   -   »iaTE?   JFT   IMPACT,   CONTINUOUS   OB   INTFPMIT T.vjT   PULSES 
ACTIVITY - JFT IMPACT 

CO^To/ALL/   »T.STJ.I/V.oOO.CS.TAMR.FLOW.IFLtrMiT.P^tSK.T.OT.«.»» 
J,       «M4»,T'J6«.Tr..>O.KniSCH 

CPMMO^/MrinfY/   OJMBO 
COMMO"J/NJFT   /   BLT.CPfiOL.CSTPBJ.njMWJM.OMOyj.nirjFT.O'-'JFT.OT^ JFT 

1.     FNF?GJ.FT«r,«;,rTA J,rT»IMP.F.TAlPT.>OnFJ.Nr,UNS.N ltTS.Pr.'0??.PPM 
f,      POJPM.OIII sFn.TPn9L.vnL0PJ«VFLP9.l»VPBj«XRJFT.VFL.)ET 

C8«M3»i/NfwrOM/ LN»A«U»UHWJ»LMWJti»|.M|lJ»» FnrATJ.FOwATo.rn» 
1.     FOV 
CtttnOU/OinfO"/ 'J»f.HLtM^j,MwjM,Mwj9, MfATj.owAT-i.nn.rv 
FOiMVALF^rFC^I'.r.STJI 
!(}UlV*Lf',)CF(w»'>CiCti»OOl 
EOJIVALFMTF (M'l.M^IJ) 
FOUiVALFvCF (L^PI«LMWJ) 
OATA PI /1.\'.\c^?l/ 
DATA I'UT /?/ 
OAT* NEEOtN /I)/ 
DAT» F«CTA.F:.CTS.FACrr.J<FACT»r)FACT /S«0./ 

IMTIALI7E   VABIAHLES 
10   IF   (PP   .FO.   0.)   M   =   0.01S 

IF   (FTAJ   .FO,   0.)   FT4J   =   n,3 
IF   (FTAIMP   .FO.   0.»   fTAP'P   =   r\,t 
IF    IFNF'}"JJ   . •.£.   0.)    50   TO   10Ü 
IF nontJ .Eo. 11 oo TO 7c 

ENFBGJ NOT INPUT. MOOEJ = COHT I'I'jO.iS 
IF (S10C .LT. S.n ,0«}, si-.c .f.T. ?S.O) GO TO ^ft 

EXP (.os • sir.o 
(S10C .LT. 

FNFRGJ - 47.0 
GO TO ICO 

FNFPr.J NOT INPUT. H90FJ " INTF^MITTE^T 
15.0 .OP. SIGC .6T. 35.0» GO TO 90 
• F«P (.07? • SIGO 

TO IF <Sir.C .LT. 
FNrsr.j s 100, 
50 TO 100 

^0 PPI'iT ^S 
(>S FIS'^AT imnrjlTT FNESf.Y PfR WOLU-F OF KOCX HBO-fF-, »-usT P^ SPFCI-FIF 

• 0 FOR T-<F 60.-K STPENr.TH E\C0nSTEREO. RJN TE^MIVATEO.  ) 
CALL EXIT 

GENERATE FACTORS »EOUIRFO FOR CALCS 
100 »FACT = PI • o • n / <,. 

YFACT r PI • ONO?» • ONO?7 / 4. 
?FACT = P .LS-r' • PP" / 60. 
«w-JK = PV077 • IR1.2 / 1.1 
VrL.JFT -   ^O^T (»rtPK) 
0F1C1 = VFL;-T *   ^,JFT^ « YFACT • 25. 
»0.(SF4 » 3.0174 • 0\077 • DN0Z7 • PN07Z •• 1.5 
IF MOOEJ .FO. 0) GO TO 110 
2FACT = 0F4CT • 7F4CT 
PO^RFA = PO-r-'eA * ZFACT 

110 CONTIMME 
TOT1" R » NJFTS • PO«PFA 
0U3-IV   3 TTTP*R / FTAJ 
FACTA * WIN ♦ PR • 0.745? 
FACTR B (I. • f.TAJ • ETAIMP) • PWBIN • 2545.? 
FACTC » n.75 • TOTPWR / («FACT • ENEBGJl 

IS CALL FOR INITIALIZATION ONLT 
INIT = 1 
IF (NFFOIN .FO. 0) GO TO RR9 
NFEDIM • 0 
GO TO 300 

Reproduced Jrom 

best  ava 
copy. 
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NORMAL   EN1SY 

1)   GO   TO   300 
ENTRY JET 
TF UNIT .FO. 
NFFOIN ■ 1 
GO TO 10 

300 FHEATJ = 0. 
ROTIME=ROTIMF»OT 

FO« = 0. 
FHV = 0. 
FO^AT^ = 0. 
IF("WJ .06. II GO TO 999 
O.lM^n = OJ^RO « (FACTA • 
RnsLANiRDPLAM.S, 
FHFATJ = FACTR • OT 
FDK i FAfTT • OT 
Fnv = »FACT • rox 
FOWATR ■ OFACT • OT 

999 RETURN 
ENl 

OT) 

1 
1 
1 
I 

1 
1 

n 
1 
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CC.   SUBROUTINE JETAGN 

SlWPOllTINE   JFTA6N 

fXPMFNT   -   »OfK   niSINIFGHATIOM 
GF^e«»L   OHOCFS"^   -   »l*TE9   JFT 
»CTIVITY   -   RfMStTlOM   ♦   »LION 

0*   PBOJECTILC  r9»f.MENT»TION 
CO<4MON/*LL/   XT.STO.IA,PQD.CS.T»HR,rLOW.IFL«rn*T.OtF.SKtT.nT.«.!»a 

t, «»ux.TMM.Tn.xo.xnisCM 
COMMIM/MONrr/ njMOO 
COMMON/NJFT   /   oLT.CPIPL.CSTOHj.DJMWJM.ONO^y.nTCjrT.DTMJFTiDTO.ItT 

It      ENfOGJ.FT»r.NtFTAJfFTAIMP.FT»IPT.MOOf J»N6UNS.N.IFTStP»«077tOPM 
2,     pi?jOM,PLILc;FC.TBrtOL.VOL'>RJ.WFLPBJ»»*PBJ»'IPJET.VFL.)ET 

COMMON/NETCOM/  LNRAPL.LMWJ.LMWJMtLMWJB» FMFATJtFOWATRtFaX 
1.     FOV 

COMMON/OLICOM/   Nq»PLtMWJ,MKJM,HWJ«t HEtTJ.OWATHiOXtnV 
FOUIVALENCFI^K-C.STRl 
EO^IVALFN'CFIwSICK.POD) 
EOUIVALENCE (MDI.MWJ) 
EfMIViiLENCE   (I.UPI.LHWJ) 
DATA OISTJ /O./ 
OAT* FLPSO /0./ 
DATA OLDPOS /0./ 
DATA IMIT /0/ 
OATA NEEOIS /0/ 
FNTiJV  PR.U6M 

INITIALIZE 
10 MWJOal 

IF (OTPJET .FO. 0.) DTPJET » 0.25 
OLOPOS^X 
INIT » I 
IF HFEDIN .FQ. 0) GO TO 999 
MFEOIIN « 0 
60 TO SO 

NOPMAL ENTPIES 
FNTPy JETPnS 
E'JTHY PPJPOS 
IF (INIT .EO. I> GO TO SO 
SEEDIN « I 
GO TO 10 

SO IF IHWJ .EO. 0) GO TO JOS 
WATEB JET «OH P90JECTILE BUN) STOPPED 

IF <MlilJ» .EO. I) GO TO 999 
PEPOSIT10NIN6 NOT YET COMPLFTFO 

Et-BSn = FL050 ♦ OT 
IF (ELPSD .LT. OTRJET) 60 TO 999 
L«WJP = 1 
LM<<J  ■  LMWJ 
OLDPOS   =   » 
FL0SO   =   0. 
GO  TO  999 

1 

WATE«  JET   «OR PBOJECTILF  GUN»   IS OPF-'ATING 
♦   FOX 
GIVFN CYCLE. FOX MUST «F CALC'tLATFO PFFODF THIS 

STATF-EMT IS EXECUTEO. SINCE« TO «E CONSISTENT WITH OTrt« 
LOGIC. OISTJ MUST REFLECT THE DISTANCE *T THE END OF Tnr 

100 OISTJ x X - nL'V-'OS 
C NOTE •♦* '"3* A 
C 
c 

CURRENT CYCLE. HENCE. JET OR PRJINP MUST BE CALLED PEFOKE 
CALLING JETPOS OR PRJPOS. 

IF (niSTJ .LT. XPJET) GO TO 999 
L«WJ r LMWJ . I 
L^MJR ■ 0 

999 RETURN 
EN'» 
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DD.        SUBROUTINE JETMNT 

SUS'SUTINK J^THNT 

c 
C ELF'^FMT   -   »OfK   01 ? iNTFMtT lOM 
C (VrNML   P3nC^Sr.-W4TF»    1FI   »W  POOJFCTrLF 
C ACTIVITY   -   OFN-R/IL   MAINTENANCF.   ♦   WFPAI» 
C 
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Cn«Mns/AU./   «T.STU.IA.SüO.CS.TÄMR.FLCU.IFLAG.AT.n.K.eK.T.OT.K.P» 
1,      «•^X.TM4)(.T"'.Xi1.«0ISCH 

C^MtWNJFT   /   KLT.CPROLiCSTP-J.O.IMWJM.ONO/Z.nTCJ^T.DT^.IFI.inJ.rFT 
1. frMr,GJ.FT.ir,v|,FTAJ,FTAI>'P.FTAIPT,MOnFJ.Nr,UNS.NjFTS.PN077.PJM 
2, PPjPM.P'JL^Fn.TP^PL.VOLP'J.VFLPBJ.WPej.XPJET.Vn-JeT 

CO-MOM/NEWCOM/   LNBAPL.LMWJ.LMWJM.LHWJR. FHFATJ.FOWATR.FOX 

CO-MnM/OLOCOM/   NPtr'L.MWJ.MWJM.MWJPt HEATJ.OWATfl.DX.OV 
EO'.IH/^LENfF mi'C.SI«) 
FT IIvALf,.CF(i',P^CK.'<00) 
rnillVALf NCF    (HOI.MWJ) 
FOliWALENFr    (L^PI.LMXJ) 
DATA   IMT   /O/ 
DATA  f.FEOIN   /O/ 
DATA   IPPJ   /O/ 

c INITIALISATION 
10   IF   (OTCJET   .?Q.   0.)   OTCJFT   =  fr. 

;r   (PIT-JET   .FO.   0.)   0TMJ£T   =  ?. 
IF    (IPOJ   .EO.   I    .AND.   DJMWJM.EO.O.)   OJMtlJH   =  ?30. 
IO-1J   =   0 
T'^T   =   0. 
1 '«BT   »  OTCJET 
MWJ = 0 
«WJM=l 
IVIT = 1 
IF (NFEOIN .FQ. 0» CO TO <?<»') 
NFFDIN' = 0 
50 TO ?00 
FHT^r PKJMNT 
IPPJ = 1 
GO TO 10 

c NORHAL ENTRIES 
ENTPY P«jePR 
IPSJ = 1 
fNTPY JETRSR 
IF UNIT .EQ. 1) GO TO ?00 
MFFDIN » I 

c     
r'0 T0 l0 IS MAINTENANCE IN PPOGRF«^ 

200 IF ttWj« .EO. 0) GO TO ^OO 
c IS MAINTENANCE BEOÜIBFD 

TKflT = TIMrtT - DT 
IF (TIM8T »81. 0.) GO TO M1» 

c IS REPOSITIONING IN PBOGPFSS 
IF <MWJ» .FO. 0) GO TO «O 
LMWJM » 0 
LMWJ • LMWJ . 1 
GO TO 199 

c UPDATE PPOGBESS OF MAINTENANCE 

*C0 TMNT » TMNT ♦ nT 
C IS IT COMPLETED 

IF (TMNT .LT. nTMJET) GO TO <><>'> 
LyWJM = 1 
LMaJ = LMWJ - 1 

r NOTF •• TO FOPCF »FPOSITIONING AFTE» CO-PLFTION OF MAINTENANCE. 
C REPLACE STATEMENT *LMWJ » LMWJ-1* WITH ^LMWJPsO* . 

D.IM-W » OJMWJM « njMRD 
TIMRT « OTCJET 
TMNT a 0. 

999 RETURN 
END 
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EE.   SUBROUTINE PROJTL 

c 
c 
c 
c 
c 
c 

r^'ifUL PPOCES«; - ^^OJECTILE FSAGMFMTATION 
ACTIVITY - PPOJECTILE IMPACT 

09 P^OJfCTILE FBAOMENTATION 

COMMOi'l/ALL/ xT.STP.IA.BQO.CS.TAMR.rLOWtTrLAG.AT.O.f.SKiTtnT.X.P« 
1,  «S'AX.TMAX.TntXOtXOISCH 
COMHON/WONFY/ RJWRO 
C3MH0N/NJET / nLT,CPPeL.C5TPPJtnj«<«JM.nNnZ?.r)TCJFT.nT«1JFT.r)T0JET 

I.      ENfPOJ.fTAG'I.FTAJ.FTAIMP.FTAlPT.MOnEJ.Nr.l^S.HJfTS.PMO^^tBPM 
l,     P^jPM.PÜL^en.Ta-jRU^VOLPPJ'VFLPiJJtWPRJ'X'JFT 

CO«MON/NEWCOM/   LNdAPL.LMWJtLXWJH.LHWJSt FHFATJ.FOWATPtFOX 

COviMOfJ/OLnCOM/   NPASL.MWJiMWJM.HWJR. HFATJ.flWATR.OX •DV 
ETJlVALENCf (WOCK.CS) 
FOllIVALENCEClir-C.STR) 
FniJIVALENCF   (MOl.MWJ) 
FOJIVALE^ICE   ILVPNLMKJ) 
nc.TA   HIT   /O/ 
DATA  HEEOIN   /O/ 
DATA  FACTAtFACTB.FACTCtFACTD.FACTE   /5»0./ 

INITIALIZE 
10   IF   (ETAGN   .ET.   0.)   ETAf.N   =   0.3 

IF   (ETAIPT   .FO.   0.)   ETAIPT   =   0.? 
PROJECTILF  ENERGY 
IS   CALL   FO«   INITIALIZATION  ONLY 

IN1T   =   I 
IF (NFfOTJ .FO. 0) GO TO M? 
NFEOIN = 0 
GO TO ?00 

NORMAL ENTRY 
ENTRY PRJIMP 
IF UNIT .EO. 1> GO TO 200 
MFFOIN « 1 
GO TO 10 

200 EPFT - WPSJ • VEL^«J • VFLPPJ / »>*.<» 
PROJECTILE DENSITY 

RH0P=1728.#«<PRJ/VOLPRJ 
ROCK   DENSITY 

RuQRsuROCK 
ROCK   FflAfiMENTEn PfR PROJECTILF 

X'iPK    s   »k-OO   /   OHOS 
S-ASSrl.h^r-S»(SO^T tXdBK)«EPFT)«»l.IHR 
^VDLFTsRXA^S/WOOCK 

CONSTRUCT   FACTORS  ilStO  EOS   FACH   TI"E   INCRFMFNT 

IFd-sT   .FT.   II   GO   TO   11 
IFST=1 
0PI\T   111 •f0'"T.;'MO-,.R'-^'< 

111 FOIMATtlX»   *fie»fT«»Et«,««*iM  fthOPs.Fl*.*i6H  RHOPi.E!'..'») 
'"INT   ll?tlI^OK,HMASS.RvOLFT 

112 FOSXATUX.   6H   »ypKs.El^.fc.TH  PMASS».El*.*»9H RVOLFTa.EJ*.*) 
ENO  OF   DEBUG 

11   X'VOK   s  P3JOH   •   60. 
FACTA   =   »i/OLFT   •   NGUNS   *   «wR« 
FAcn » s.^is^a? • o • o / «.. 
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FAfTC   =   EPFT   •  mm  •   KW»«   •   3.7^E-7  /  ETAGS 

FACTE   =  5*13.0   »   H   -  ET»GN   •   ETMPT) 
Fnv=0. 
Fnx  - o. 
FHEATJ=0. 
,F   tm   ,«.   1)   GO  TO  999^  r|lMM£MTK0  0||B1NG  nrLT».T 

r )V s FACT* • OT 
F0X . FnV / FACT«     ^^ co5T<, 

TOTK'^H = FACTC • IT 
PCST -   TOTK-M . P«    pR0JFCTILF C0STS 

PJCST - FACTO • OT     ^^ COST 

OJMBD = OJMRn • PCST ♦ PJCST 
rMFATJ«TOTKWH»FACTE 

Q9<J RETUPM 
FNO 

1 
1 

1 

1 
e 
i 
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FF.       SUBROUTINE PRJBR 

r,ll-'J'MT i'-r    Pt-J^3 

r.rME^L   P-OC-^   -   MJO-irCTIL17   FOSr.MFNTATlDN 
ACTIVITY   -  BäRSEL   REfUACEMfNT 

COWMON/Al-L/   «T.ST-'. II.P'jn.CS.TAuH.rLCW.IfLAO.'T.O.f .iK.T.f'T.X.P» 
1,     Xl"'AX«TMAX»TO»Xn«X!>ISCH 

COWOM/NJFT   /   «11 T.CP-^,L.rSTP^J.DJ,JJJM.rAir77.nTCJFT.r!T"Jir. •JT-'.KT 
1, fjrsr.J.FT'.-'l ,FTAj,iTiI''P.FTATOT.M0nt:j.Nr.UNS.N/f:Tr..w^.0X7.P-'M 
2, POJPM.PJ! sK^.i'-"t'L.V,iLPPJ.VKI.Pu.J<»lP>>,J«*sJ';T 

fftMMON/flFWCOM/   LN<>ARL»LMWJ»L"<I"JM,LM»(JI'I fHf»TJ«fOWATPtFDX 
1.       FIV 
fpMMON/öLOfflM/ ;MASL«"WJ,M«j^,y«;j»,      HRATJ.OWAT^.DX.OV 

fftOIVÄLENC?(,-nc<.cs» 
FO iiviir'.rr  (ypi.»"wj) 
FfljTVALENCr   (UMPItLMWJl 
PAT«   T-^   /O./ 
OATt   OPTI"   /C./ 
fiftTA   I'JIT   /O/ 
n*T«   MCEOIN  /?/ 
DATA   TT.CFACT   /?•&./ 

INIT1AU7F 
10   TT   =   T^FiPL   •   NRIWS 

MaA»L»l 
crt.:T   =  CP^ftL.   *  N6UNS 
IMT   =   1 
\r   Ci.-rniN   ,FQ.   0)   GO   TO   IW 
\,rrr, !■)   =   o 
50 TT  ?M 

FSTRY  PH-J-IPL 
IF    (['JIT   .Fl.    I)   SO   TO   ?00 
N^EOIN   "   1 
SO  TC   10 

15   .HA^FL   BEPIACCENT   IN   PHOGMESS 
?C0   IF    OTAt'L   .FT.   0)   SO   f1   '•00 .      •.,__ 

REPLACfMFNT   NOT   IN   PROOPFSS.    IS   IT   «fWI»En 

0»T1M   =   OPT IM   »   OT 
IF    töBTIM   .UT.   BUT)   GO   TO   <W 

IS   orPOSITIOMIMO   IN   PPOSPE5S 
TF    (VWJS   .FO.   0>   ßO   TO   9=*'? 
;_ *, a e L- L   i   0 
l.«»I   =   L^PT    •   1 
GO   TO   M* 

PEPLACFMENT   IN  PPOr.PESS.   UPOATF   PROjOFSS 

<.oo T,-"> r THP . nt 
IF    (ThR   .LT.   TT)   f-.o   TO   R<><i 

RFPLACfMFNT   COMPLFTFD 

LNBA»L   ■   1 
ltfa\   =  L'^PT   -   1 
P !»»[)   ■   OJ^^IJ   •   CFACt 
T a V   =   0 . 
0=TIM   =   0. 

cjqq   SFT.JRv: 

FNO 

VI-135 

11 



GG.       SUBROUTINE MUKLOD 

SIIBROUTINF   Miix'.OD 
C 
C FfMFNT   -   MATFOI4LS   HANDLING 
r        CFMEPAL PCOCF«;1; - MACHINE LCAOFRS ♦ SHOVFLS 
C ACTIVITY   -  LOAniNC.  MUCK   AT   FACF 

COMM.-is./ALL/   «T.STR.IA.PO^iCS.TAMBtFLOW.IFtAO.ATtO.FtSK.T.nT.^.PR 
l.    xM«)(,TMAK,Tn«xn.Kni<;cH 

COMMON/VMFFLS/  NCAKS.MLTYP.OIIC.WUC 
COwriH/cOWfy/   ACIOTOS.OWM.FF.FL.HP.OC.^MIN.WPI. 

1 t(P,«LF.NSIlwr,F.OE.OP.SM.OTCR.OTMR,Aa.V'U.MFXON.Nr,EO.XE.l.NSi)Brn 
2 STIME.iriMy.nTMItnTMO.FLH 

COXMON/NFWCOM/   L^ACON.LHCAPC.lNSPLC«LL0An«.FOL.L'»KIN.LMllKnT.LN^YMY 
:.LTSTAT(?S.<») .LKSTOPtPSt.LLVHCL.FOV 

CnxMnN/OLOCO'V   MArON.MCAPr,HSPLIC.LOAO«».OLtMKIM.Hl)i<OT.NBY^Y 
1    T'    TAT(?S.'.).i<';Tnf (2S).LVEHCL.0V 

/ALENrF(LLr»O^.LLOAn») 
DA^   TIMEL.OX.-iDF.rtUF.CSPFPK   /5»0./ 
DATA  fjrHS.INIT.NFFOIN   /3»0/ 

C IHITI»L!?ATION 
loo IF (OnMR .EO. n.) on»» = s^oo. 

IF   ( ,TIMF   .CO.   0.)   STIME   .   .05 
C^^FPn   =  CS   /   (SK   •   2000.1 
T'JU   ■   1 
If   (NFFOIN   .rO.   0)   GO   TO  900 
NFFDIN  »  0 
60 TO l?0 

C NORMAL ENTPY 
FNTRY LODMUK 
IF (I'JIT.EO. 1) GO TO 120 
NFFDIN = 1 
GO TO 100 

120 IF (MLTYP .EO. 2» GO TO S00 
C UNITI7F0 MAIN LINE SYSTFM 

IF (LVFMCL .FO. 0) CO TO 900 
C A UNIT IS AVAILABLE FOR LOADING 

Fnv=ov 
LLOOR = 0 
IF (TI«EL .GT. 0.) GO TO 300 
DO = ODMR « OT 

130 X^SK'FDV'SK 
IF (XWRK - DO .GE. 0.) GO TO 150 
on ■ XWRK 
LLOOR *   1 
FOV=0. 
GO TO 160 

150 FDV^FOV-IOO/SK) 
C VOL ♦ WFIGHT CAP OF UNIT NO« BFING FILLFO 

160 ouF = OLT • no 
WDF s VJF . (01 • CSPFRK) 
IF Hue   .GT. QUF .AND. WUC .CT. KUF) CO TO 900 

C UNIT IS MLlEO • CAN BF RFLEASFO 
XWRK s QUF - OUC 
Fnv=Fnv»XWRK/SK 
!)IPF = 0. 
WIIF«0. 
TIMEL « XWRK / OOMR 

1 
I 

1 

1 

:i 
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r'0 T0   1?0 UNITS  i^F  RCW gWlTCHf) 

-JCO   T"<EL   •   Tl^El    ♦   ,",T 

120   ir   (TtMa   .LT.   STr'-D   GO   TO 400 
DO   =   MM«   •    (TT^FL   -   ST IMF I 
TTMEU   «  0. 
If   (NCA«S   .F'-).   01   00   TO   ISO 
Mf^S  =  NCS  ♦   I 
jr.NC« .11. NC.PS, GO TOJ30r vFHiaF 

SC»S   =   0 
.ISO   I   =   LV   HCt 

LTSTST(t.1»»7 
LKCTO^CI>-S 
3l)f   =   0. 
(1(11?   •   0. 
r.o TO no 

CONTINUOUS MAIN Ll'IF SfSTFH 

SOC 00 ■■)')IAA   » rT 

Li no» = o 
j(i.)«K = OV • <:,< 
IF (KWAK - no .fir. 0.) 00 TO SSO 
Hi   -   XWBK 
LLOO=   =   1 
rov=0. 
r.rt   TO   600 

SSn   rn\/ = r".'-00/S< 

900   ■■•, ^ = 0 )F/1.7 
P»1NT   J99»NCB8»OurF««lJr 

3q<;   rO^'^T (6<5<.I7.?F10.21 
9FT i^N 
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'I 
HH.        SUBROUTINE MUKIN 

1 
SlIRTlDTIMfi   "iiKtN 

C 
C F(.rMrMr   -  MATF»I»L<  Ht*lRtTMß 
C PFNCAL   POOC"?«   -   MäCHINK   LOanF^I   >   SMtlVLS 
C »CTIVITY   -   «^VF   MIICKFWS   10   «UfK   PII.F 

C •••ClH'OE«Jri.r,    THF   CONTOOL   P'JOr.f.AM   MUST   SET     "KIM   TO   0     TO 
C I'JITIftTF   »IVINf.   IN. 

COMMO'J/ALL/   »T.Sf.IA.OOn.CS.TAMH.FLOW.IFLiG./ITtO.F.SK.T.OI.«.»» 
1«      XMAK.TMAX.TO.Xn.XitlSCH 

COMt'OM/VMfrus/  Nrä^S««LTYP.OUCtWiir 
cn«"nN/co'.vE:r/ ÄC"»nrns,r)w'<.FFtFL.HP,oc.SMiN,1<ni, 

1        k.?.Xl.F.vjSiitJ-F,f!F,Qa.S,<.nTCIi.OT'<R.iMtVM|.NFXr,N>NriFO.XF.L'r,l|öG» 
?       STIME.Onna.nTwi.DTMO.FLM 

COMMio/vrwcOM/   LHACON.l MCAPC'LNS^LrtLLOAn^iFOL.LKKINtL^OKOT.LNRYHY 
l.LTSTAT(?S.fc) iLKST0P(?5) .LI.VMCL.F0V , 
M^Ti/OLncOi/   MAC0N."C*,>C«N';PLIC.L0«0'»«0L»MKI«J.MIIifOT.NByoy 

I.ITSTATI PS.* ).KSTOP (?«;>,LVEHCLtOV 
Fi"'l)IVÄlENCE(LLOri».LLÜAOS» 
TATA   IMT.NFFOIN  /.'•O/ 
DATA   TIMIN   /O./ - j 

C INITIALIZATION 
100   IF   (OTMI   .CO.   0.1   OTMI   »   l./l?. 

TIMIN   =   OTMI 
nn = i 
IF (NFFOIN .FQ. 0) CO TO 900 
NFFOIN = 0 
no TO ?00 

NORMAL ENTRY 
r'ijyy r,'Mij< 

IF (»NIT .EO. 1) f.O TO 200 
NFF01N s 1 
f.O TO 100 

200 IF IMKIN .NE. 01 00 TO "»CO 
C MOCKEOS BEING MOVED TO HUCKPILE 

TIMIN s TIMIM - OT 
IF (TIMIN .GT. 0.1 00 TO 900 
LU,<IN   a    1 
TIMIN   ■  OTMI 

900   »FTUSN 
ENO 

i 
fl 

'! 

li 
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TT. SUBROUTINE MUKOUT 

1 
1 
I 
1 
I 
I 
I 
I 

GfVESAL   PJOC'S1;   -   MACitNE   LOAHF»?   •   S-iDVFLS 
ACTIVITY   -   M.VF   MliCKCCS   AWAY   FOOH   TACF 

• ••CilO'CtvTl.Y.    T1-'-   C'-.TJOL   P»{lfi*AM   "UST   S^T   MUKOT      TO   0   TO 
INITIATE   "WI'.-,   0 )T, 

CO-'-'TJ/.'.LL /   >T .^T-. ! A.f ".O.CS.TlMR.FLOWt irLA&,ST.T.r,S<.T.OT. '.o^ 
1,       »«'> ,T".'.<.T1. lO.x" [SCM 

C0M",1 i/.-ffLA/   '.:,'-^."LTY'),1,.C.WiiC 
COMT^/COMVtY/   AC«'nTPS,o<,'.FE.FL«HP»OC.^,M?J«wf<I. 

1        *=>, )(l_r.>iSi:0',."..'3Fi ^^tS'-TTCB-nT"». i-^.V^I .►/rxON,';'-..'o^'F.LNS'P.',. 
?       ST [■■'ttT""-.RT-I »OTMOtFL^ 
C0«'O'j/'.r,cnu/   LM»CO,..L>'C."-->C.LNc;pLC.LL0Ari^.FCL«L'J'<I'^Lui.l'OT.L,JcIYMY 

l.LTSTAT (?=;.!.) .L'<<;T-;3(?S).ULV-<r;L.fi)V 
CO«H0N/Ol.nC0M/   M4C0NtTÄPC.'^-;'LIC,L0''.r>:'t3L.HKI'I.MU<0T>^oY3Y 

l»!TSTAT(?S.<.(«<,STnP(??)»l.veHCL«DV 
FOJIVALt^lC'lLLns.ULntrS) 
BATA   rMTi^-rrni'i   /?»0/ 
OATA   TtH   /(>./ 

INITIALI7F 
100  ir   tflTMO   .n.   0.)   OTMO  »   l./l?. 

TI«   =  OT-IT 
I'HT ■ i 
ir   (»i'EOlN  ,fQ,  0)   r,o TO 900 
H*.*.lilH   =   0 
GO   TT   ?00 

NOOMAL   FNT'Y 
FNTJY   nuTW.M 
If    (I'lIT   .FQ.   1 )   CO   TO   ?00 

>.'rFni-i   -    1 
HP   T.}   100 

?C0   IF    (Ml <0T    ,F.P,   C)   GO   TO   900 
TI-   =   TIM   -   DT 
IF    (TJM    ,-,T.   0.»   60   TO   900 
LuJ^Or   «    1 
T I ■-   =   0 T u n 

900   «FTJC-J 
rn.n 
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JJ.       SUBROUTINE TRUKHL 

SU9HOIJTINE   TOUKHL 
C 
C StCMfNT   -   "«Tear   L?   HiNOtlNrt 
C CPNE»AL   ooCF^S   -   TS'JC«   SY'iTfM 
C »CTIVtTY   -  L"i'C.  wniiL   uiir<   TffiN'J^OPT 
C TECHNnilf   -  Pirjnf»-riDF.O   l«OtVIQUAL   DIESEL   PO«£R   TOUCK   UNITS 
C Dl)»L   POAO^Y) 
c 

CC^TI/ALL/   »T.ST3iT».u iO.CS.TAMJ.FLnw.irLAO.AT.O.F.^^tT.^T.I.P» 
x^Ax.T^Mi.Tp.xo^ni^c-i.nx.rv 

1,      Ha.LNSU?G.'l'rx,Vl.Nr.Fn.Si;uSr.E.0C.0E.T)H3.nH.S''t5HI'.,bII-f 
?,    wqi..p.«F.«Lr 

CO^MI-i/NF^rO"/  LIf ILO.LKSTOOI?';) ,L1fUNLO.LL,;TO?.LLVHCL-L,i;,li 
l.LNSWCH.LNTSn4.L,IVHCl..LN,'S»T.rSWTCM(?0l .FIFCfJS) .FT0P(?'5t 
3.     FT<:TAT(?S.'.l.riiTI''F(25>tLL0Än9 
COWi/Oincfi'*/ iFiLn.KsTOi;'(?s>.»'iiMO.LSTnp.Lv>""rLi,iar0v.,i«^rH 

I.     NTBn».NVc-'CL.^iMSwT.S»iITCH(?0).TFC(?5).TOP(2';).TSTAT(?S.^) 

2t     UTlMS(t9>»U0»M 
DTHEN^IOS   LTt,TiT(?5.M .ITSTAI(?S.4) 
EnillVALFMCF    (C.'14lLU.IFrLO).(C0"NFW.LrFIL0).(KVeHCL.NT«AIV.NTPMCK) 

1.    (LVEHCL.LTOAI'j.LTPurOi (NTOAiNTUO»! . 
g      (FT^TAT.LTmAD.dSTAT.ITSTAT) 
3i ILLVHCL.LLTai'.'.LLTUUO . (LNVHCL.LNTPAig.L"TPuKl 

OT'iF-ISION  STiTPi?^,*.) 
OI^E^SION   ISTATFCS.'.) 
EOIJIVALE'IC'"    (SrAT-.lSTATE) 
DATA   «ITATE   /m»!)./ 

DATA   JSTQP   /^»(V 
0T«FNSI0N  TE"S(?S» 
ni-Fi.stO'l   TE"T(25) 
pATA   I»)tT<;Wt   I'ETSW   /2»0/ 
OATA   n^T-J   /I/ • 
EOUIVALESCF   (TVE.WE) 
DATA   Tf<S   /?S«fl./ 
lATA   TFMT   /J^'O./ 
DATA   *FyAX,TtIu.TL;MF.W£Cl.<'rC?.WFF*Cl.'«fFAC?.HPeVP  /««O./ 
OATA   HPFAC.HOArAC.hPVFAC.wFFAC.FSFAC.F^WFtAEuiX   /TO./ 
DATA   MPFvP.HPFAM.HPFAH.OlNCP.CPFC.y/FFTiVFFI.VDSO.OELMAX   /O'O./ ) 

c 
C PAPAMfTE»   INITIALIZATION 

100 INITSW '   1 
If (NTPUC'< ,rt.   C) NTPDCK « 1 I 
IT^TATMtll « ? 
T^TATd.Z» » 0. 
TSTAT(l.l) = 0. 
TSTATd.i.) = 0. 
oo i?o 1*1.as ) 
I<>4(I)   >  0 
TE^TU)   »  0. 
TF-Sd)   »  0. 

120   CO'ITINJE 
IF   (WE   .EG.   0.)   GO   TO   ?00 

OPTION  2 
IOOTS  x  2 
IF   <FQ   .EO.   0.1   FP   «   6S. 
IF   (EL   .EO.   0.)   FL   »   O.flS 
IF    (FT   .ET.   ".>   FT   *   0.3>> 
IF    (AF   .FO.   0.)   AF   »   SO'»-*^. 
IF    (AF   .E0.   0.)   AF   a   AE 
HPFA.:   x   FL   •   ITS. 
wotCAr   =   ►»PFAC   •   HPA 
MP(/FiC   =  H»FAC   •   H?V 

D 
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FSfAC   =   FS   •   ■t'-'f'&C. 
r04f   =   f^   .   WF 

«f«an   r   if 

«r^AK = t.r 

«W9K   =   FT   •    ■v 0. 
TLM   =   XliRK    >    ,<«; 
TLIUF   =   «,    • «FFAC 

i*rca = 3»,» / wf 
WF^ACl    =    T^.4    /    X^FAC 
werfte?  =   ''ric  /   J<J,« 
»WQf   =  hJ;;-(ir   /  F»*F 
I?    (VF    •    (vr"    -    «.•'-,)     ,flg, 
IW$K   =  navfAr   /  FBFAC 
IF   C/f   •   IvF  -   x,J- )   .r.f, 
HPEVB = r -. F a v.- / HPTAC 
HOFI'J = Ferjf o vF / «»FAC 
r,o TO gso 

OPTICM   1 
200 CONT!S it 

0.)VF   =   «W?^ 

o.)   VF  = xwa< 

250 

355 

?60 

•HOFiH 

ITS 

t* 
X'tfU 

IF 

If" 
IF 
co 

VFF 

30 1 

FCP 

270 

IF 

I':- 

30 
C 
c 
c 

c 

AH   =   MOFt 
"->FA 

BOTH   nPTIG'IS 
C»   •   50. 
(IilSTN «fn. ?1 :?, Ti ?S5 

' ■ .?6-.1. J vr • vr-' / HE 
(X>»9F   .LT,   -I>,-^|    or.C"   =   «•»»" 
-; « JS^O. » (vr • vr - vn » vr.) / OF 

MAX = 1I'.,-J / (<}?R0. • Vt) 
ICP .ff), r.) rr> = o.i4 
<FC .F"). «,) re = o.Do 
C « Co • FC 
T = v-- « "i?6:. 
T r VF » <??«o. 
■) = vo • VO 
ST   JftO^    VF.    V? 

MAT   llSrtOTUUCi«   VF   =   .FlO.l.SH   vF   =.   F10.3) 
*AS   CALL   Fl!>   INITIALI?ATn'.   0'H.Y 

(IS£T8W)   PTO.I^^.^TO 
TSW   =   0 
TO   150 

NOSHAL   ENT-^Y 

ESTRT   T^J<TS 

HAS   lMlTISLl?AT10r)   -FfJ  (»fPFO(.M£0 
IF   (1'ijTso   iso«3?C.350 

320   IPFTS1,   =   1 
G"   TO   ion 

350  «w^K   -   CT   /  DFL"!«)   ♦   I 
»JITf; = <V3K 
YW^K : SIT-.J 
JF^AC   •   KwaK    -    Yk.3H 

"ETWIt'Vf   /nLC*P</   VA^IiflLFS 
00   "HS   J=   I.'.T'M-^ 

STATF(J.l)'=TSTaT( J.l) 
STATFIJ.?)    ■   KTSTU.?) 
STAIFrj.31   =   r*f»TtJ»3» 
STATF(J.<.)    •   T<;rJTIJ.4) 
JSTODIJ)   =   KST'PIJ) 

355  Cn-iTIMiE 

I5T0PT   =   LST,"3 

360  LLTP K   =   0 
OFLTAT   =   DFL"4» 

IF   (MTEJ   .--,.    1)   DEtTAT   =   TFBAC   •   DEL1*»« 
DT?ii40   ■   T^LTAT   •   2*140« 

OTvEFT   =   ^rLTAT   •   vFFT 

I 
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I 

400 

OTV^FT = OfLTJT • vm 
PTCPFC = "FLrAT • CPFC 
OTOirS ■ n-'LTAT / 2*. 
[WOK ■ ;sro?T • i 
GO TO (500«*OOt490)»IW»K 

S^TEM MUST  ae  SHUT oo«*^ 
DO   <.20   J=ltNTBilCK 
IF   (JST0P(JI   .^E.   0)   GO   TO  i*2ü 
IWPK   =   ISTtTF(J.l) 
If   ((l.S^-lO)   •    (I^K-IU    .EO.   0)   r.O   TO  420 
J=;TJ3{J)  = ^ 
TF    (dw^K   -   «.j'dwVK-T)    .FO.   0)   F.O   TO   «.ZO 
JW3K    =    (I-/3K    •    1)    /   2 

1 

«.20 

«.50 

l«TATfU«l)   • 
IF    (IW'K   .FO. 
CONTlWE 
GO   TO   «.75 

? 
7 

ISTATE(J.l) 

SYSTEM  "UST   RE  BROUGHT  UP 
00   470   JsltNTHUC* 
IF   (JSTOPIJ)    .Nt.   tl   GO   TO   4/0 
J«TOO(J)   =   0 
J^^K   =   ISTlT'(J.I) 
IF    (.HPK   ,EO.   0>    ISTATF(j,l) 
IF    (JWPK   .FO.   1)    ISTATE 

470 COMTP.JE 
475 ISTO^T   =   0 

500 DO   7S0   I   =   l.^lTOUCK 
OFLTAC   =   3. 
STATF(If4)   =   STATFtT.4) 
I<;TAT = Tt.T(STATr(r.l) ) 
TPDS   »   5TATE(I.2» 
TSDn   =   STATr(I.3) 

=  2 
=   3 

APPLY OELTA-T TO «LL TRUCKS 

OTDAYS 

CPASH  CODING 
ISTATO   »   IST4T 
OTPOS   =   TP1S 
OTSf")   =   TSOO 

ENO  C«*SM CCOING 
US TOP   »   JSTOP(I) 
TF^il   ■   TF^Sdl "'' " 
TEXTI   =   TF»«T(I) 
IwSK = ISTATd 

GO   TO   (510i7SOt550.570.S<>0.610f630t650.7S0.7SD.7S'J.7Sn) .IwPK 
TPUCK   IS   E^PTY.   ANO  HAS   STOP^EO 

510   IF   (USTOP   .GT.   I)   GO   TO   750 
TRUCK   IS  BEING  LOADED 

LTPUCK   *   J 
GO   TO   750 

TOUCK IS ACCELFRATING EMPTY 
550 IF (IflPTN - |) 5»4.i53.5'«4 
551 AFA s OPA - FRKE 

IF (»FA .LT. 0.) AFA » 0. 
AF s AFA • ■rfFC 
IF (AF. GT. AF«A») AF a AFMAX 
IF (OF .GT. 0.) GO TO 553 
TFMTI x TF^TT ♦ OFLIAT 
Ti-«SI i TE^SI . OT2640 • (AE • OFLTAT • 2. • TSPO) 

553 Yl s »r • TELTAT 
TOOS = TPOS ♦ nT2i<.40 • (Yl ♦ 2. • TSPOI 
TSPO a TSOO • Yl 
IF dOPTN .E.->. 21 HPEAMI (AE»WFC1»FRWF) • TSPO/MPFiC 
IF (HPA .GT. 0. .AND. MPEAH .GT. HPA) nPFAH a HPA 
OFLTAC   «   H'tAH 
IF   (TSPQ  -   VF»   5S'».554,5S4 

554 UTAT   i   4 

I 

0 

■! 

i 
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I 
I 
I 
I 
1 
1 
f. 

\ 

I 
1 
1 
1 

ss« ii7  i r JV, .-■ ■.  i) .*,o n S' i 
!<"   ( :-"   . ■:.   :,)   'A   TO   SSO 
|r   (?.   <   T^-,   ,.-,.-,   <,    IST»T   =   ') 

r CO*S-i CODU.i"   ►/fFOFO WHfis ng/of   =  o  nnFO 

S^o S  =  rsj'j  •  Ts'n  •  ZA^Ot  /  DE 
c C»A=;H cr.niso 

»vj'. = r9"s • Q 

I"     [f,;3«     .'■■-.     <)     '', T.-. T    =    f 
!»    K.-^    .'T.    <    .-•;",,    ISTATS    «FO,   .')    "0   T-l   ' -T 

c fM) CSASM C   ir.'". 

GO   To   h^i 
c roiSH cm-iG 

S^S   »»i»<»(ri« li?» (X-0Tf"5S) ♦ t?'ii<.0.«iTS?l,»OTVM I )/(3«i*0,»(Of ♦*£)) 
ir   HvPr   ,UT.   ^.l   Gf)   TO   ►>r-';i 
t<«»0»   =   S'Sf I «.<*- 1 
3T3i     i , fjj     <     .     Tt<'~)     /    AF 
Taos»   =   Gf.o;   .    (- I^^^Ph'.O.) 0 (-SF^OTPJ   ♦   S,»0T5PO) 
IF    (TSIS«   .LT,    GTJ'GI    GO   TO   r>4a 
ir.Tftc = ►>':•) • rs3rx / IGPO 

OT^JJ    •:    "-"LT-'-T    -    OTSP 
rl   =     £   •   "iTPP» 
T^S  s   r-'os«   ♦   i?6<iO.  • OTPPP)   •   (?•   •  T'JJD.X  -  ri) 

TS=O  =  is=:< 
GO TO 632 

C TNO COM»  CCOI'jr, 
C TOlICK IS »CCFLFSATISG FULL 

570 IF linoTS - II 5»".»573»SI* 
571 »r«   =   ÜA   -   r»F4C 

IFIBtl.LT.   C.)ifi   =   0. 
ä F   i   .-["•," 1   ■»   .•. F ;. 

Ir    IAF    .GT.    .-.-"ii)    i'"   =   JFui« 
1^   I -F   ,GT,   ■ .1   r.n   n   S7? 
TF-TI   =   T1"1-: I    •   Vi. TAT 
Tf^si = T'-'^i  . rr---c •  (AF»ntLTär ♦ ?.»TsfO) 

S7?   Yl    -   f   •   "-"■, T".: 
r»nS»TPflS-0£l.TAT*'4<.0.»(Yl»2,»TSO0) 
TCO.T   -   TG.'-i   .   VI 
IF    mal'.   .-:ri.   ?1    -'-Fi-«;    (;F--<FFAr?.F5F;n   •   TS9f)/HPF4C 
IF    C-Pi   .Gl.   0.    .Ä'.C.   iJfm   ."T.   H = A)    ^P^ i-   r   hPA 
r^LTAr =: -(»fAH 

IF    (TS«n   -   ;F)   G7-'.?7i.,S7<. 
57i.   I^TVT   =   S 

TSPO = yr 
C rr   TRUC><   APPrtOACMl'jG,  DISCHAPG^   POINT 

S7q   IF    (IG^TSI   .TG.    I)   00   T 3 
IF    (IJf   .GT.   p.)    GO   T1' 
IF    (X   -   TPG5   .LT.    T^O        00   TO   SO-I 

C CAS"   COOING   HPIOFO   «l-'FN   W/Of   =   P   fI«FO 
IGT1T   :   7 
TfJTI   =   TC^T;    •    (TSPC'   -   VO)    /   TSPO 
IS^d)    =   101 

GO   TO   «.«9 
S80   a   •   ""iO.   •   (T«PD«TSPn   -   VDSOI    <"   Of 

IF    (TBftS   .""-T.   a)    nO   TO   6"0, 
I^TAT   a   7 
I« »(I)  = n: 

c rDAr
l-' roTp.s 

IF    (TPGS   .LT.   -   .■•.■.-.    JST4T0   .FO.    1)    r.O   T)   5*^ 
C fNO   C'AGh   COOING 

GO   TO   (.9* 
c COASH conr.G 
C pBPVf'.T    T-'.-f       F-T   .:-;-•.•';■.G   F^lLL 

bes« eva 
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1 
1 

S8?  llweK«<OF»(Alr«OTP05«?640.»OT5i'O»OTSP0l*J6*0.#*f*Vn8Q>   / 

IF    («WOK    .\.t.    1.)    ri0   TO   ft"'? 

OT^P   i    ITS^D«   -   0TS->ü»   /   AF 
TPOS«   s   0TO0S   -   (nTPIJ»ab40.)»(»r#OTPP   ♦   ?.»0TSP0) 
IF (TP05X .GT. OIPOS) GO TO 6"»« 
OFLT«C » HOFA • TSPrx / TSPO 
0T3PP = QFLTAT - OIPP 
n » OF • nipp" 
TPOS » TPOSX - (PM.0. • DTPPP) • C . • TSPQX - YD 

T'iPO = TS^X 
GO TO 65? 

c END CPASH CODINO 
5fl(, 3P4 s TUI* 

IF (ISTAT .EO. 3) PPA = TLI«F 
IF (MO* ,F3. 0.1 GO TO 5HS 
VI a PPA 
IF (T^O .GT. IJ.) Yl = HPAFAC / TSPO 
GO TO 58«} 

5M5 IF (TSPD .GT. TCUPVXd)) GO TO 5«6 
Yl = TCU'VYll) 
CO TO SSQ 

S«ft Of) 5<B K^^.NJOTNT 
XW?r< i TClJ^VxlO 
If («W^K .LT. TSo0) GO TO 588 
YW3K a   TClltVV«) 
Yl » Y^HK-((xwr-<-TS?0)»(YhlR<-TCI)RvY(K-l)l/(Xl.-»<-TCU«VXl<-IM) 
PO TO =5^9 

5P<« CDMllNUE 
ri « TCUPVY IND0l'*T) 

SSO COVTINUC 
IF (Yl .LT. PPAI SPA=YI 
IF (ISTAT-?5 571.5^1.571 

C TRUCK EMPTY. GOING »T FULL SPFEO 
590 TPOS = TPOS ♦ OTvEfT 

IF (IOPTN .E'). 1» HPEVP « MPFV 
OELTAC « H^EV? 
GO TO 558 

C TRUCK FULL. GOING AT FULL SPEFO 
610 TPOS = T=OS - OTVPFT 

IF (lOPTN .ET. 1» MPFVP a MPFV 

DELTäC = MPFVP 
GO TO 578 

C TRUCK IS nfCELERATlNG EMPTY 
ft30 TF OF .FO. o.» GO TO 634 

Yi « HE • riELTAT 
TPOS = T:>OS ♦ nT2«.".0 • (2,»TSPn-Yl) 

63? TS30 = TSPO - vl 
IF (TSPO .'.T. 0.» GO TO 698 
ISTAT « 0 
T«3n = j. 
TF-TI « 0. 
TFMSI = 0. 
IF (USTCP-«.) ^40.6<'8,ft<.0 

C RIMPULL OPTION ? 
636 TF-TI   TE>«TI - 0'LTAT 

IF (T^TI .GT. Ü.) GO TO 699 
t«T»T - 0 
TF^TI - 0. 
T"T = 0. 
IF (USTfV .>|E. fc» GO TO 6*0 
TPOS = TOOS • TcMSI 
TFMSl a 0. 
CO TO 699 

C TRUCK IN LOADING A^fA 

1 

fl 
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640 Tons = x 
IJSTOP = 1 
TFMSI = 0. 
GO TO 6^8 

c TRUCK IS DECFLERATTNG FULL 
650 IF (OF .FO. 0.) GO TO 654 

Yi = OF • OFLTAT 
Tons = TPOS - nT2640 * r?.«TSPO - YD 

652 TSPO = TSPO - Yl 
IF (T5PO .LF. 0.) GO TO 65fl 
IF (ISWd) ,E0. 100 .AND. TPOS .LE. 0.) GO TO 660 
GO TO 6RR 

c «IMPULL OPTION ? 
654 TFMTI = TEMTI - DELTAT 

IF (TEMTI .GT. 0.) GO TO 698 
IF (IJSTOP .EQ. 4) TPOS = TPOS ♦ TEMSI 
IF (ISW(I) .EO. 100) GO TO 660 

658 ISTAI = 1 
TSDO = 0. 
GO TO 66? 

660 IS^MI) = 0 
ISTAT = 10 
TSPO = vn 
TPOS = 0. 

662 TFMTI = 0. 
TFMSI = 0. 

698 STATE(I.1)=ISTAT 
5TATE(I.?) = TPOS 
STATF(I,3) = TSPO 
JSTOP(I) = IJSTOP 
TFMS(I) = TFMSI 
TfMT(I) = TEMTI 

c DEBUG PRINT 
If (I5TAT0 .LT. 2 .OR. ISTATO .GT. 3) GO TO 700 

C FND OF DEBUG PRINT 
700 DJ^MH r OJMMH ♦ (DFLTAC • DTCPFC) 
750 CONTINUE 

C 
c IS ANOTHER ITERATION REOUIPED FOP THIS DT 
C 

NITFR = NITER - 1 
IF (NITER) 900»900.360 

900 DO P20 J=1.NTRUCK 
FTSTAT(J.l)=STATE(J.l) 
FTSTAT(J,2) = STATEU,?) 
FT^TAT(J.l) = STATE(J,3) 
FT^TAT(J,4) = STATE(J,4) 
LKSTOP(J) = JSTOP(J) 

920 CONTINUE 
LLSTOP = ISTOPT 

999 RpTURN 
END 

UPDATE /NEWWRK/ 
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000003 

000003 
000003 

000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 

000003 
000006 
000006 

000010 
000014 
000015 
000017 
000021 
00002? 
000023 
00002S 
000033 
000033 

000035 

000040 
000046 
000053 
000055 
000057 
000060 
000062 
000064 
000065 

1 
I 

KK.   SUBROUTINE TRNPRT(ICYCLE) 

C 
c 
c 
c 
c 
c 

c 
c 

SURROUTINF TRNORT(ICYCLE) 

ELEMENT - MATERIALS HANDLING 
GENERAL PROCESS - CONVEYOR 
ACTIVITY - LONG HAUL MUCK TRANSPORT 
TECHNIQUE - TROUGH BELT CONVEYOR 

COMMON/ALL/ XT.STRtIA,PQDtCS«TAMP»FLOWtIELAG,AT»n,F.SK.T.DT.K.PR 
1«  XMAX»TMAX,TO»XOtXDISCH,nX 
COMMON/MONEY/ DJMHH 
COMMON/CONVEY/ ACM.DTBS»nWM»EE»FL»HP»OC»SMIN1WBI. 

1 WP,XLF,NSURr,E.OE»QP»   OTCB»OTMR. AB»VRI .NEXON.NGEO.XE.LNSURG. 
2 STIME«QOMR.OTMI.DTMO»FLM.DMAlNT 
COHMON/NEWCOM/ LMACON.LMCAPC»LNSPLC»LLOAOR»FQL»LMKINtLMUKOT»LNRYBY 
COMMON/OLOCOM/ MACON.MCAPC»NSPLIC»LOAnR«OL»MKIN,MUKOT»NBYPY 
FOUIVALENCE (PRfPC).(XOE»XE) 
REAL LIR» LRP» LAM 
DIMENSION YKY<3> 
DIMENSION WH(ll). VB(11)» XIIR(ll). XIRR(ll)» PLIES (ll).OB(ll) 
DATA XIIR/5,« 4,5.4,»4.»4,»3,5»3.5»3,5»3.»3.«3./ 
DATA X IRR/10,»10.»10.»10.»10.»10.»10.»10.»10,»8.»8./ 
DATA PLlES/3.t4.»5.»6..7,,8.»9,»10.»12.»12.»12./ 
DATA OB/4., 4.5»5,7, 7,2» 9.6, 11,5» 14,?» 16,R, 1R,4, 21,8, 24,3/ 
DATA WB/lfl.»?0.»?4.»30.»36.»4?.,4R.»54.»60.»66,»7?,/ 
DATA vB/300,,350,»400,»450.»500,»550,»600,»600,»600,»600,»600,/ 
DATA WPC0MP,AC»LIR.LRR»LAM,WR»X1 /7»0,/ 
DATA YKY /3»0,/ 
DATA APGl»aRr,?,ARG3»ARG4»HPS /5»0./ 
DATA LIMIT»N,II.I /4»0/ 
DETERMINE BELT CAPACITY 
IF (ICYCLE ,GT, 1) GO TO 110 
ICYCLE=5 
IF (VBI ,LE, 0,0) GO TO 20 
OPTION 1 
WPCOMP = 60,/2000, • AB • VBI • CS/SK 
OP = 60.»AB*VBT 
DO 10 I=l»ll 
IF (WRI ,NE, 
11 = 1 
GO TO 90 

10 CONTINUE 
PPINT 11»WRI 

11 FORMAT ( 13H BELT WIDTH = »F10,2» 15H IS NOT IN LIST) 
STOP 
DESIGN CONVEYOR OPTION 2 

20 DO 30 I = 1» 11 
SOLVE FOR WPCOMP (EST. PEAK TONNAGE COMPUTED) THAT MATCHES OR IS 
GREATER THAN WP (EST,PEAK TONNAGE INPUTTED) 
AB= (1,/144,)»(0,1247»WB(I)*WB(I) 
WPCOMP=60./2000,#A8»VB(I)»CS/SK 
IF »WPCOMP ,LT, WP) GO TO 30 
11 = 1 
VRI=VB{I) 
WRI=WB(I) 
0P=60,»AB»VBI 
GO TO 50 

30 CONTINUE 
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1 
I 
li 

r 

r 
i 

i 
i 

3«; »»tNT 40 
<.o n-;«iT  II^H cO'ivfrO'? nested CAN NfiT ^E rocs fc-. nive'i "^AK TO'.io 

IP   A'lf)   MA»H >■   TOTAL   0"'5'i   S-TTK)'.'   (»■'   ST-UCI'.i-F) 
snp 

C CHtC<   fjo   «A«.   T3T41   COSS   SECTION   CF   CONVfYO"?   SrM,jCTu-,i: 
50  »C»10.^-«   ,3^7*«al   -   i00?ft1*«l'l«W1<J   «   ,OO0«l*»4fi1o»3|»iiBl 

IF   (AC   .'■■T.   A-UI    •;   TO   'S 
C SFLECT   [■,fLr~   »'JILF*   AV3   91LL£P   SPiClNS 
C II    IS   TH-    ■••i-.i-ui^I    jf   TfiF   -:LT   WinTH   rtt I'.G   U'.-TO 

90   Ut»   =   Xtl'    (IH 
LBP = X[j. (in 
LAM   •,000«««{naiII»»lOO.»Aa)«2«lJ/tI»«   .035«"-^(n) 

I •?.•!-( 
ir(»LF   .».t.   ".!    5^   10   110 
XLF   =   ^LItS(II)    •':.S.'',.-I/(l.»:,?«LAf 1    -   500./LÄ-* 

C C0MoA''   CnNVfYO*   fA0ACITy   KtTH   T-cAT   R^OüIStü   r-09   OIVE'i   AHVA'.T   »ATE 
C CO^OUTF   ^K'UISff)   r.-.-A-l Tf 

no wo = (i./ao;o.)'-'L«cs/'i-: 

?00  POtMAT(60<»2rlO.?) 
triWPCOHP-rf«!    1"JQ,U0I12S 

120   LMCAoc=   0 
GO   TO   16C 

12S  IT.i^C   ■   0 
GO n iso 

c CAOACITY o-  ro'iVTro' fc-^ifn 
C     IS Tr-F = E A 5')*',J »In TO HCUD fxC'S-, t JC* 

130 IF c-iSj'G- .►--). 1 i •■■i ro mo 
C    CASE l - -JT SJ9C£ -K'. 
C    TUSN OFF F«Ci.';T:;' O'i ^ExT CT'LF 

LMCAPC = 1 
IT. ssisr US. «,nT,.3,JPc',^.'.-1I.VRI.AS 
13S   r09«4T    (33-1'*'vFYj3   C«^'*ITY   «"«ZF-Tf-,   AT   • = .   F!",?.rv*   «'.T   TTUF». 

1 F10.^/l-'. ,-■    T',./--   -   "    I-»r>   =:.   FlO.VlJXtlAH   T-./-'-   :--,;; IF,-,;. 
2 FlO.J/l^».)'-'   "'.T   .;,,;•■ = ,   flO.^/JOX.lJn «ELT  i^tf.^itt'li,»/ 
3JOX*?0H FLO« C-"^.-   .f.-Ti/-.Fn.?/) 

".0   TO   IS" 
C CASE   '   -   S':v   f   afi,   -IAS   Rgrn   PROVjOfll 

UO   1«"=   (T-   -   T-1!   »3T 
CALL   SiS'." 
IF    ILVsi;J-,   ...r-#    i,   ,-,0   TO   ISD 

C IF  C4S*CIT>   -IAS  .-.-i.-j fCXCEfDEO  T-F'i STn? £XC*V*TO«l   V. MfXT CYCLE 
LUCAS1:   =   1 
51 TO 13* 

C    F19 A JYSTFH r-';rAi';l>M-. A su-r-E RI-, IT MAY t-f MFCESSSSY TO 

C    SDPT-iACT MuC* ri',J
u r-E %tN ^ifj ».ocO'-t?  IS ö*f*TFR "r-AS w» 

iso o' = i:»-öt>*3T 
CALL sj«cr? 

C "OYO'   SliFT   I'/'SFP-.JFO 

C FO^ osTP'i 2 - ^J  <isr -F n-»ivFn 
l'-o  IF  (-,3.r,T.:.-t o'   ro  ufl 

C TH'-T   »*»   T-1  r-jiiATi;'=;  FT3  HP,     r,NE  FO»  N«fl,     O'-E  ft*  N  G^-'AT1-» 
C TWA^J   0. 
C «I    IS   TiE   LA^-I-.A    (FTI    .HICH   IS   CrSCT^EO   Is   T""    .-»ITFja.      ir   CA". 
C PF   X,   »LF,   36   «-«|J .FOi   XJr»,    I    [S   SET   TO   I.        FOS   *|=<LF. 
C I   !S   SET   TT   j.     FflÄ   »!Sx-«LF,   I    [S   SET   TO   3.     YKT   IS  'Y   I'J   T-E 
C OCCLMrMATIO;, 

Reproduced  from 
best  »vailable  coPyA 
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If (M.GT.O) r,0 TO 157 
1 = 1 

50 TO 15^ 
157 Lt«IT=l 

}-? 
Xl=XLF 
r.o TO IHt 

158 LI-IT-? 
T = 3 
«IsX-KLF 

15«» Tf («1 .f.T. ^00.1 GO TO 161 
VKviH« .035 
GO TO 16? 

161 IF (XI .'T. 1000.» GO TO 162 
YKVd » = .03? 
GO TO 168 

162 IF(X',.GT. 1<.00.) GO TO 163 
YKY(I): .030 
GO TO 168 

163 If (XI .GT. ?000.) GO TO 16* 
Y*Y(II* .0?'. 
GO TO 168 

16«. IF (XI .GT. ?500.) GO TO 165 
YKY(!)= .120 
GO TO 169 

165 IF (XJ .GT. 3000.) GO TO 166 
YKY(I»= .019 
GO TO 168 

166 Y*Y ( I)= .018 
168 IF (LI'MT ,NF, 2) GO TO 158 

»RCl = V^I/ITIOO. 
&P'.?= .nCO'»^» (08(11) «100. »««I) .2.13/LIS 
«or,3= <9CCM>/9*0« 
»Oßü *-i&l»S50. 
IF (^ ,GT. 0) GO TO WO ,„,, 
HPS = X-A^G!»(£3'.2»(^T(l)..01S)»0B(Tl))»»f"">3«VKY(I)»X.iaG<. 

GO TO 17^ 
170 MDSI s»(«LF«Ä9r-l»(4|'r.2»(Y",Y(2)».fllS) «OPdl)) ♦ YKY(2)* 

I       »QfO^'UF • ASG») « 
?     (H-S«XLF)»Ä3'".l»(i3J»»(TKY(3)« .015)»:8(II)) • YKY(3)» 

3     t*"N»XWr)»*'l*'3»«9!>* 
C     QPTIO-J 2 - E XAY Pt S^FCIFIf^ 

IF (FF .LE. CO) FE = 0.76 
175 OJ''"M = 3C«^3S»0.746»OT/EE «OJ^MH 

RETURN 
C     OPTION 1 - MO ANO E -^'JST flE SPECIFIED 

180 IF (FF.LE. 0.)CE=Q.76 
DJMMi«   PC*-i3,'«,3.7'.6,DT/'EE   •DJ,'UM 
SETU3^ 

1 

1 

'i 
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1 
LL.   SUBROUTINE EXTNSN(ICYCLE) 

C 
C 
C 
C 
C 

S(IR»OtlTINF   EKTNJSNdCYCLE) 

FLFMENT - MATERIALS HANDLINO 
GENERAL PROCESS - LONG HAUL CONVEYOR BELT 
ACTIVITY - EXTENSION OF THE BELT 

000003 COMMON/ALL/ XT»STRtIAtRQD.CS.TAMBtELOW»IELAG»AT»0»E»SK.T.DT,X«PR 
1«  XMAX.TMAX,TO.XOtXDISCH«DX 

000003 COMMON/MONEY/ OJMMH 
000003 COMMON/CONVEV/ ACM»DTBS»DWM.EFtFLtHP»OC,SMIN,WBIt 

1   WP,XLF»NSl)RGE.OE»OPt   DTCP^DTMB»AB.VPI.NEXON.NGEO»XE.LNSURG» 
?   STIME.QDMP.mMT.DTMO.ELM.DMAINT 

000003 COMMON/NEWCOM/ LMACON.LMCAPCfLNSPLC»LLOAr)R.EOL«LMKTN,LMUKOT.LNRYBY 
1,  ESM 

000003 COMMON/OLDCOM/ MACON.MCAPC»NSPLICLOAOR.QL.MKIN.MUKOT.NBYBY.SM 
000003 DATA T/0./.OTE?/0./.DTRS?/0,/ 
000003 OATA DTE /0./ 
000003 DATA ELA.FLS.S /3«0./ 
000003 IE (ICYCLE .GT.l) GO TO 30 
000006 ICYCLE = 5 
000006 GO TO (l.?»3),MGE0 

C     GEOMETRY 1 - ASSUME El.A EXTENDS THE FULL LENGTH OF CONVEYOR 
000015 1 FLA = FL 
000016 FLS = 0. 
000017 X = FL 
000021 GO TO 10 

C     GEOMETRY ? - ASSUME FEEDER CONVEYOR EXTENSION IS SMALL (FL=0) 
C     ANO EMPTIES INTO SHAFT DIRECTLY 

000021 2 FLA = 0. 
000022 FLS = 0. 
000023 GO TO 10 

C     GEOMETRY 3 
000023 3 FLS = 0. 
000024 5M = SMIN 

C DETERMINE CONVEYOR STRUCTURE EXTENSION PARAMETERS 
C OPTION1 - XE.DTBS INPUT 
C OPTION ? - XE = F (W8.LIR) 
C OPTION 2 - OTBS = 

000026 10 COVTINUE 
C MORMAL ENTRY POINT AFTER FIRST CALL - INCREMENT OT 
C IS EXTENSION SHUT DOWN 

000026 30 IF (NFXON .EO. 1) RETURN 
C BELT SPLICE OR STRUC. EXTENSION 

000031 PRINT 501.FLA.FLS 
000041 501 FORMAT(96X,?rl0.2) 
OMOM IF(NSBLIC .EO. 0) GO TO 31 
000043 IF(LNSURG .EO. 1) GO TO 112 
000045 GO TO 122 

C     CONVEYOR STRUCTURE ONLY 
000046 31 IF (NGEO .NE. 3) GO TO 40 

C     GFOMETRr 3 - CYCLIC OPER. 
000050 IF  (DTE .NE. 0.0) GO TO 32 
000051 DTE = OX/XE 
000053      32 DTE = DTE - DT 

C     UPDATE CONVEYOR STR. COMPLETED 
000055 FLS = FLS ♦ OX 
000057 IF (DTE .GT. 0.)  GO TO 33 
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tNRYHY - 0 
OTf ■ 0. 
60 TO 100 

33 LN<Wflr ■ I 
GO TO 100 

C     GEXOFTOY 1 ♦ 2 - CONTINUOUS OPFRATIONS 
C    COWEYO» STSUCT. COMPLETEO IN OT 

40 rtS ■ TLS • «E'OT 
C     »V4IUUE CONVfYOP AFTER OT 

IF «NOEO .NE, I) GO TO «5 
FL« ■ FL* - DX 
GO TO 60 

*5 FL» ■ 0. 
FL » FL ♦ OX 

C     CHECK TO SEE IP CONVEYOR EXTENSION M*S CAUGHT U<» TO EXCAVATOR 
60 S » FL - FLS - FLA 

IF«S .r.T. o.) no TO eo 
C     CONVEYOR EXTENSION HAS CAUGHT UP.  LET ADVANCE OF CONVEYOR 
C     COUAL EXCAVATOR FOR THIS OT. 

FLS ■ FLS -OT»XE • OX 
GO TO 100 

C     CHECK TO SEE IF FFEOER RUNAKAY Tf»LE»ANCF IS EXCFEOEO 
BO IF ( S .GE. SM) GO TO 90 

LNRY1Y ■ 0 
GO TO 100 

C    EXCEEOFO - THEREFORE TURN OFFEXCAVATOR NEXT OT 
90 LNIYRY » 1 

C    CHECK TO SEE IF PELT SOLICE NEEOEO 
100 GO  TO (10StlO«tl07). NGEO 

C    BELT SPLICE NOT NFEOEO 
101 LNSPLC » 0 

RETURN 
105 IF (FLA .GT. 0.) GO TO 101 

GO TO 109 
106 IF1FL .LT. FLM) GO TO 101 

GO TO 109 
lOT IF  (S .LT. SM) GO TO 101 

C    SPLICE NEEOEO 
109 LNSPLC » 1 

IF (NSUR6E .EC. 1)  GO TO 118 
IF (Nf.EO .EO. 71 GO TO 111 

c   ARE THERE SUPGF SINS TO HOLO MUCK DURING SPLICE 
C    CASE 1 - NO SURGE HINS (NSUSGE • 01 
C    LET CONVEYOR STRUCTURE CATCH UP TO EXCAVATOR ANO SPLICE RELT 

•-10 OTE » (FL - FLA -FLS I /XE  • OT8S 
60 TO 11? 

HI OTE  > DTftS 
C    TURN OFF EXCAVATOR UNTIL THIS IS COMPLETED 

11? OTE? « OTE2 • OT 
IF(OTF2 .GF. OTE) 60 TO 113 
LNSPLC ■ 1 
RETURN 

C    SPLICE COMPLETED - REINITIALIZE 
113 LNSPLC ■ 0 

GO TO (m.US.UM. NGEO 
11« FLA«0. 

0TE2 ■ 0. 
RETURN 

I 

I 

'! 

'I 
f] 
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us FL » (1. 
0TF2 r 0. 

116 
DT-"? = 0. 
FLb = 0. » 

CSSE ? - SlV'.r si'J Mi S SK'N yROVin CO - (' S'JRGF s 1) 
11« OF " (OL - 0B)«0T 

CALL SUPCE 
IF (USSUff! ,?0, 1) 00 
IF (OTRS? .'J-". 0.) 00 
OT^? = nT»S 

TO 133 
TO 1?2 

12? 
H.^ 'Lf. » 0 
IF ( )TaS? ,GT. 0.) R£ 
soLirr c '(eL'Trn • RE 
GO TO ('V )i 1?«., 1 >S) « 

i'.niALi^e 
.GlO 

123 FL' = FL5 
RfTlWs 

IH Fl. = FL - FLS 
'FTU""i 

12S 
FtS = 3. 
»(fTUUM 
IF SUflSOUTIN» «HRftE SFT'JPNS WITH A FL40 I •oiCATiNf. a BACITr 
OF SMBOE HIN HA<i «CrN "<Cr'fn-ri (LS

C URO« 1) PUB I'If, OT. THAN TRFAT 
«S IF Th^-Jr IS NO SUP' .F «UN 

130 OT^S s 01^2 
G3 TO ( llDtUO.lll ). soro 

I 
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MM.  SUBROUTINE SURGE 

C TWT   E'JT^Y   »Ot'iTS   INTO   Til<;   'iilfcOOuTTNF 
r ENTRY «iu'r.r . TJ POT MOC< mo Rn 
C ENTRY   SUROei   -   TO   Tft'.F   HIJCKOUt 
c 
C FLfjfkjT   -   ^»Tf = I»L5   HA'.DLINC 
r r.FMFPll    »3TCFS^   -   n'if'  Mil'L   CONvryfia   BELT 
c ACTIVITY - J^v.- he's*  MUCK INTO s.^f-F BIN 0» uNLO.onr. r.n. PrN 

1 
COX^TI/ALL/   )(T.STO.I«.OOO.CS.T«MR.rLO--.IFLArJ,»T.n.F.SK.T,nT.<.oS 

1.     XMii.TMax.TT.XF.XDISCH.OX 
CO»'M0M/y0NKY/   TJ^'M 
CO^MOM/COMVEV/   AC".r>T^S.O.M,FF.FL.HP.OC.SMIN.^2I. CO-MOM/COMVEV/   ACM.riT^S.O.M.FF.FL.HP.OC.SMIN.-iai. 

1        WP.XLF.NSlisr.E.OE.OO.        nTCK.OTMH.iq.VB I .Nf xON.'JntO. XF .LNS'lOC-. 
»        «Ttv,-.on'1^.nT"T.nT''0.FL"«O''Al,<T ?        STI,'''.0n,^,nT"I.nT''0.FL"«O''AlNT 
CÖ-M^N/fllWCO«/  LMACO.v..LMCA»C.LM':.PLC.ULOtP^.F^L.L"<Tr..L-U<OT.L'iRYflY 
COM-r^OLOrOv/   M&cnN.JCAPC.NSPLIC.LOAOS.OL.MKIS.xUKOT.MRYBY 

EOUtVALENCf   (PO.PCI .(Xf>E.«tl 
DATA  O/O./ 
F^TPY   Sll*GE 
IF(LNSIIR6   .EO.   1)   RETURN 
aooE 
IF   (0   .01.   OC»   CO   TO   10 
LNeilP* a   0 
RETURN 

10 LNSi-P.', =■ 1 
RETURN 

ENTRY SUSGF2 
0=0-0E 
IF   O   .GT.   0.»   RETURN 
0=   0.0 
RETURN 
E'H 
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NN.       SUBROUTINE BELT(ICYCLE) 

1 

I 

000003 

00000.1 
000003 

000003 
000003 
000003 
000003 
000003 

000003 
000005 
000006 

000006 
000011 
000012 
000014 
000016 
000017 
000021 
000024 
000025 
000025 
000026 
000027 

000030 
000037 
000041 
000042 
000042 
000043 

000044 
000046 
000047 
000050 
000051 

C 
C 
C 
C 
C 

URG» 

LNBYRY 

10 

SUBROUTINE BPLT(TCYCLE) 

ELEMENT - MATERIALS HANDLING 
GENERAL PROCESS - LONG HAUL CONVEYOR BELT 
ACTIVITY - MAINTENANCE OE BELT 

COMMON/ALL/ XT.STP»IA»RQD.CS.TAMB.FLOW.IELAGtAT»D»E»SK«T.DTtX»PR 
1,  XMAX,TMAX,T0»X0»XD1SCH,DX 
COMMON/MONEY/ DJMMH 
COMMON/CONVEY/ ACMtDTBS»OWM.EE.FL.HP.OC»SMIN.WBI» 

1 WP,XLF»NSURGE»OE»OP.   DTCB.OTMB.AB»VBI»NEXON«NGEO.XE»LNS 
2 5TIME»0DMR.nTMI»DTM0»ELM»DMAINT 
COMMON/NEWCOM/ LMACON.LMCAPC»LNSPLC»LLOAOR»FOL»LMKIN»LMUKOT. 
COMMON/OLDCOM/ MACON»MCAPC»NSPLIC»LOAnR»OL»MKIN»MUKOT»NBYBY 
EQUIVALENCE (PR»PC)»(XDE»XE) 
DATA PI/3.141592/ 
DATA W»TM.T /3»0./ 
INITIALIZE PARAMETERS 
IF (ICYCLE .NE. 1) GO TO 10 
ICYCLF = 10 
W = 0. 
DWH MUST HAVE A DEFAULT 
IF (DWM .LE. 0.) OWM=l. 
TM = 0. 
TT=OTMB 
IF (MACON .EO. 1) GO TO 

15 

20 

25 

30 

40 

000052 
000055 
000057 
000057 
•FOLLOWING 
PC 
XE 
PR 

VALUE SPECIFIED,  SET=1. FOR COMPILATION 

.EQ. 
♦ OT 
.GT. 

' 1 

0.) GO TO 

TM) GO TO 15 

IF(DTCB 
TM = TM 
IF(DTCB 
LMACON 
TM = 0. 
GO TO 30 
LMACON = 0 
RETURN 
TONAGE OF MUCK CRITERIA 
W=(PI»D»D/4,)/2000. »CS 
IF (W .GE. DWM) 60 TO 25 
LMACON = 0 
RETURN 
LMACON = 1 
W = 0. 
TIMEKEEPER 
TT=TT-DT 
IF(TT .LE. 

30 
20 

SPECIFED 
♦DX »W 

ON MAINTENANCE 

0) GO TO 40 
LMACON 
RETURN 
LMACON 
OMAINT 
DMAINT 

= 1 

= 0 
NEEDS A VALUE IF IT HAS NOT BEEN SPECIFIED. 
SET =1. FOR COMPILATION 

IF (DMAINT .LE, 0.) DMAINT =1. 
DJMMH = DJMMH ♦ DMAINT 
RETURN 
END 

VARIABLES EOUIVALENCED BUT NOT REFERENCED 
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00.  SUBROUTINE XXXMNT (General Maintenance Routine to Be Adapted by User 
for Specific Processes) 

SU<"»3UT1NE   XXKMNT 
c 
c ELPMfNT - 
c RPNFOAL POOCESS - 
c 
c 

«CTIVTTY - OEHFRAL HAIMTENANCE • RFP»IR 

COMMON / 
0»T* TRFT.TMNT /?»0./ 

c 
c 

DAT» TNIT.NEEOIN /2»0/ 

EQUIVALENCE FOR SPECIFIC GEN'RAL PROCESS 
EODTVALfNCF (GOTC. ) 
FOUTVALENCE (GOTM. ) 
EOHIVALENCE (GOJM, ) 
EOllTVALFNCr (OJMGI». ) 
EO'ITVALENCF (MMNT. ) 
EQilTVALFNCF (LMMNTt 1 
EOMIVALFNCF (MFLAG. ) 

c 
EO'UVALFNCF (LMFLAG, ) 

c 
c 

10 TRFT a GOTC 
MMNT « I 

INITIALIZATION 

IF (GOTC .FO. 0.) G1TC ■ 

IF (ROTM .FO. 0.) GOTM ■ 
IF (GOJM ■ 0.) GDJM » 
IMIT x 1 
IF (NEEOIN » 01 GO TO 999 
NFFOIN ■ 0 

c 
c 

GO TO ?on 

NORMAL ENTRY 

1 

B 

ENTRY XXXRPR 
IF (INIT .FO. 1) GO TO ?00 
NFFOIN ■ I 
GO TO 10 

C IS MAINTENANCE IN PROGRESS 
200 IF (MMNT .FO. 01 GO TO «00 

C IS MAINTENANCF PFOUIREO 
TqrT e TRFT - OT 
IF (TRFT .GT. 0.) GO TO 999 

C       OOFS ANY OTMF» SITUATION EXIST SUCH THAT MAINTENANCE SHOULD 
C NOT RF PERMITTED. IF SOt 60 TO 999 

LMMNT ■ 0 
LMFLAG « LMFLAG ♦ 1 
GO TO 999 

C UPDATE PR06RFSS OF MAINTENANCE 
400 TMNT « TMNT ♦ OT 

C IS MAINTENANCE COMPLETED 
IF (TMNT .LT. GDTM) GO TO 999 
Djxr.P ■ DJMGP ♦ GDJM 
TRfT ■ GOTC 
TMNT » 0. 
LMMNT ■ 1 
LMfLAG ■ LMFLAG - 1 

<»9<j BFTDRN 
C     NOTE — CHECK TESTING OF MFLAG IN RELATED SUBROUTINES 

END 

1 
i 
1 

[I 
il 
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